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FOREWORD 

One of the most puzzling chapters for the botany student through the 
years has been the origin and evolution of colored blossoms of flowering 
plants. The sharply contrasting colors and intricate forms are p eculiar 
to green plants, whose "fundamental task" in nature is photosynth e sis 
and whose characteristic color is due to the green pigment, c h lorophy ll. 
One can observe that showy blossoms function as attrac tion s for po lli
nating insects, but until very recently no one had proposed a sa tisfac t ory 
working hypothesis for the development of flowers to their presen t forms 
and colors. 

In 1941, R. J. Pool in his textbook, "Flowers and F Lowe ring Plants, " 
characterized the situation as follows: 

"The esthetic appeal of flowers to the . human certai nly dep ends on 
their harmonious combinations of colors, their peculiar sym m e try, 
delicate constructions, and pleasing odors. But we cannot exp e ct a 
similar conception of beauty, based on a high order of intelligence, 
among pollinating insects. We know that insects do not "enjoy" 
flowers for their color or odor, but for the food that they s e cure. 
Further investigations may remove some of the "romance" from this 
alluring fie Ld, but they will probab Ly endow it with e ven a g reater 
wealth of definitely established scientific truth than is at pr e sent 
a vailab Le . " 

To unlock this botanical strong box, a scientist was requir e d with 
unusually broad interest, a wide range of biological experienc e , a com
mand of several Languages, uncommon powers of observation and a 
determination to publish his conclusions. In Dr. E. E. L eppik ar e com
bined these traits and more. After many years of effort to bring order 
to the gray zones between several scientific disciplines and in spi te of 
interruptions from war and threats to persona L safety which forc e d him 
and his family over several years to move from one country to an other, 
he continued his observations. 

His exploration into the mysteries of flowers has been both an exciting 
adventure and a successful scientific accomplishment . During numerous 
travels in Europe, Africa and North and South America h e gathered data 
on flower types and their pollinators from all geographic zones, arctic 
to tropic. This material enabled him to propose a new syst e m for clas
sifying flower types and to relate it to the development of insect groups 
that act as pollinators. The system revealed a sequence of floral evolu
tion from the simple, elementary types to the complicated floral struc
tures of the higher angiosperms which paralleled the senso r y d e v e lop
ment of the pollinating insects. Implied is a reciprocal corre lation 
between the evolution of flower types and the sensory developme nt of 
their pollinators. 

As support for his hypothesis, Dr. Leppik presents evidence gathered 
from fossilized flowers and floral imprints in amber, compact clays, 
silts, muds, and very fine sands. In several papers (1960, 1961 b, 
l 963a, b) he discusses the fossil evidence for floral evolution avai Lab l e 
at pre sent. 
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Particularly significant is the reconstruction of a Cretaceous mag
nolia-Like flower collected from the Dakota sandstone. This is the oldest 
known floral structure of an angiosperm which shows the size, form and 
symmetry -of a haplomorphic flower of the Cretaceous period. This was 
reported in Advancing Frontiers of Plant Sciences (Leppik, l 963a). 

Under a research project entitled, "The Evolutionary Relationships 
Between Plants and their Environment," in the Department of Botany 
and Plant Pathology of the Iowa Agricultural Exp·eriment Station, Dr. 
Leppik has published a series of papers that brings light on the old 
mystery of floral evolution. Interest in his work is being expressed by 
scientists in several states and foreign countries. All provide encour
agement for him to continue his efforts. 

- W . H. Bragonier 
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FLORAL EVOLUTION IN THE RANUNCULACEAE
1 

E. E. Leppik 

Iowa State University, Plant Introduction Station, Ames, Iowa 

ABSTRACT. S i x c l e a r l y s e p a r a b l e e v o l u t Lo n a r y l e v e l s i n 
the floral evolution of the Ranunculaceae were found to 
coincide with the six corresponding stages of sensory 
development of their pollinators as follows: amorphic 
- hap lo mo r phi c -a c tin o mo r phi c - p le o mo r phi c - .s t e .r e o -
morphic-zygomorphic. This is a basic trend of floral 
evolution, fully recapitulated in a single family. Ex
e e p t f o r t h e f i r s t ( a m o r p h i c ) , _a l l u p p e r l e v e l s a r e 
represented in the present-day floras as clearly sep
arable type-classes. They are therefore accessible 
to direct observations and experimental study. Exten
sive statistical data on flower visitors of the Ranun
culaceae confirm the proposed theory of the mutual 
interrelationship between the evolutionary Levels of 
flower types and sensory stages of pollinating insects. 
The new picture, obtained by this study, gives us a 
better understanding of the evolutionary relationship 
between insects and plants and explains the extreme 
div er sit y in the fl o r a L st r u ct u r e of the Ran u n ·q: u Lac ea e • 

INTRODUCTION 

Most taxonomists (Bessey, 1897, 1915; Hallier, 1905; Glo.ck, 1919; 
Hutchinson, 1923, 1926; Tippo, 1942; Cronquist, 1951; Eichler, 1958; 
Eames, 196la, b; Thorne, 1963) today consider the family Ranunculaceae 
to be a natural taxon with well-preserved primitive characteristics of a 
phylogenetically lowermost group among herbaceous dicots. Still more 
elementary, in this alliance are several woody families and the aquatic 
Nymphaeaceae. In the conventional phylogenetic systems the order 
Ranales, accordingly, is placed at the bottom, and most remaining 
groups of higher angiosperms are derived directly or indirectly from 
the ranalian roots. 

From the related families, such as Lardizabalaceae, Magnoliaceae, 
Winteraceae, and Degeneraceae, the Ranunculaceae are distinguished 

1 Journal Paper No. J-4641 of the Iowa Agricultural and Home Economics 
Experiment Station. Ames, Iowa. Project No. 1490: "Evolutionary 
relationships between plants and their environment." Approved for 
publication as a cooperative investigation project by the Iowa State 
University and by the Crops Research Division, Agricultural Research 
Service, U.S. D.A. Previous reports in this series are cited at the 
end of this paper. 
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mainly by their herbaceous habit and more adv anced floral structure. 
But, even in these points, the Lowermost members of the herbaceous 
line, Like the section Moutan of the genus P aeonia, are scarcely separ
able from their woody relatives. These Chinese tree-peonies are char
acterized by shrubby habit, magnoliaceous wood anatomy, and Large 
magnolioid flowers, thus repre s e nting an intermediate Link between 
woody and herbaceous members of the order Ranales. Hence it appears 
that the Ranunculaceae as a whole are a distinct phylogenetic group, 
having a considerab le number of primitive characteristics in a single 
family. 

Contrary to thi s stab Le phylogenetic position, an extreme variability 
exists in the floral structure and in the typological differ entiation of 
flower types in the Ranunculaceae. In this mode rate Ly Large family of 
35 genera and about 1500 species, five type-classes are represented in 
a successive sequence, b eginning with elementary hap lomorphic and 
ending with highly specialized zygomorphic flower types (see Figs. 1, 3). 
Such typological diversity is not known in any other euanthial family of 
dicots, but occurs in the monocot order Liliiflorae. Among pseudanthial 
plants, however, similar evolutionary sequence is fully recapitulated 
in the graded series of the flower heads of the Compositae and partly 
repeated in the cyathia of the Euphorbiaceae, in the inflorescences of 
the Umbelliflorae, and in other fam ilies with compound flowers. 

Thus, the phylogenetic s tability of m ain morpholo gical characteristics 
of the Ranunculacea e is compensated with an eve r-changing hologenetic 
course in the floral evolution. Hence, the ho logenetic 2 approach to the 
problem, as attempted in this study, could help toward final understand
ing of floral evolution in the Ranunculaceae. Such an attempt, conse
quently, is of interest in itself and has importance because of the key 
position assigned to the Ranunculaceae in the classification of angio
sperms. 

However, the main reason for a re-examination of floral differentia
tion in the Ranuncu laceae is the new prospect of corre La ting floral evo
lution with the sen sory development of pollinating insects, as described 
elsewhere (Leppik, 195 7b, l 960b, 1961 b}. Recent inv e stigations show that 
ins ects and flowers are closely and mutually interrelated in evolution as 
reciprocal selective factors, adapted to each other and to their particu
lar environment. Ample evidence is now at hand that color and shapes 
of flowers have been evolved in response to, and in association with, the 
sensory evoluti on of insects as flower fee d ers (Baerinds, 1950; Leppik, 
1957b; Thorpe, 1956, p. 204). It is highly desirable, therefore, to ar
range the directly observable t end encies and obvious trends of floral 
evolution in the Ranunculaceae into a typological3 sequence, which would 
represent the g enera l evolutionary trend of the angiosperm flower, and 
would mirror the sensory development of contempora,ry pollinators. 

The much debated question, whether all angiospermous plants, in
cluding Pandanales, Principes (Palmae), Amentiflorae (Salicales),Casu
arinales, and Piperales are of monophyletic or polyphyletic origin, is 

2 Hologeny is the genesis and historical development of the biotic whole 
or halon (Leppik, 1948a, 1957c} . 

3 Typology is the science that deals with plant {flower) types. 
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Figure . Historic s·eque nc e of floral evolution. I Level: amorphic 
flower types; II Level: haplomorphic; Ill Level: actinomorphic; 
IV level: pleomorphic; V Level: stereomorphic; VI level: 
zygomorphic (according to Leppik 1957b, p.472). 

7 
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recently discussed again by Hughes and Couper (1958), Li (1959), Hughes 
(1961), and Meeuse (1962, 1963). Meeuse, for instance, suggests a poly
phyletic descent of present-day angiospermous plants from ptotocyca
dopsid and bennettilalean affinities. According to this author angio
sperms "might have developed through adaptive evolution caused by the 
changeover from anemophily to entomophily, i.e., by the advent of the 
intimate reciprocal association of £Lower types with protected ovu Les and 
the corresponding pollinating insects." Many parallel developments 
(convergencies) in floral evolution would support this view. Selective 
activity of pollinating insects tends to form similar floral structures in 
unrelated plant groups such as Bennettitales and Angiospermae (Leppik, 
l 960b) or in distantly related angiosperms, such as Magnolia, Nymphaea, 
Nelumbo, etc. In other cases for the same reason different flov.e r types 
may evolve in the same genera, as in the present-day Magnolia (Leppik, 
l963a). In general, pollinating insects are searching for their food plants 
not according to phylogenetic characteristics , but select for their visits, 
flowers of certain colors, size, and symmetry. These are typological 
characteristics that may or may not appear on phylogeneticaLLy related 
plants. As a result, similar flower types develop in phylogenetically 
unrelated plant groups (convergency), as would be expected in the case 
of polyphyletic origin of angiosperms. 

The fact of a mutual adaptation of flowers and pollinators to each other 
was well known to classic students of floral ecology, such as Koelreuter 
(1761), Sprengel (1793, 1811), Darwin (1862), Delpino (1869, 1875), Mliller 
(1883), Loew (1884), and Knuth (1908). Modern floroecologists and in
sect behaviorists, including Frisch (1914-1954), Baerinds (1950), Thorpe 
(1956), Jaeger (1957), Pijl(l960-1961), P erciva l (1962) and others almost 
unanimously stress the profound significance of the selective activity of 
pollinators to the evolution of £Lower types. But almost all recent writers 
hold the view that the evolution of flowering plants is still as great a 
mystery as ever. At Least such viewpoints are expressed by Just (1939, 
1952), Pool (1941), Good (1956), and again by Pijl (1960, p.414) . 

In fact much of this "mystery" is removed now, partly by an exact 
experimental study of the sensory behavior of insects, partly by the 
better understanding of the evolutionary relationship between insects and 
flowers. The proposed new theory about the existence of a conjectural 
sensory mechanism in insects that governs their tropheclectic behavior 
and selective activity is substantially supported by reliable observations 
and experimental study. Recent investigations (Leppik, l 957b) suggest 
that this conjectural mechanism (or mechanisms) has been established 
in insects step by step during their sensory evolution, and is functioning 
now as the principal determining factor for floral differentiation. A sub
sequently elaborated historical sequence of floral evolution is adequately 
evidenced now by paleontological records. Eventually a new system for 
classification of flower types is available now for field work and for 
testing the ability grades of pollinating insects and other visitors of 
flowers. Main results of this extensive study are discussed in several 
previous reports which a re cited at the end of this paper {Leppik, 1948-
1963). These reports also served as basis and background for the pres
ent exploration on the floral evolution in the Ranunculaceae. 
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HISTORICAL REVIEW 

Thi s paper is one in a series of reports published by the writer about 
an experimental study of the evolutionary relationship between antho
phiLous insects' and entomophilous plants (Leppik, 1 948-1963). Unfortu
nate Ly these reports are not assembled in any easily accessible review 
journal, but are scattered throughout diverse periodicals in this country 
and abroad. Some older is sues are Long out of print. 

These circumstances may justify some repetitions and occasional 
restatements of earlier findings in this paper that could help the reader 
better to comprehend the subject as a whole. For the same reason it 
appears desirable to add a brief historical review of earlier experiments 
and field observations that expanded considerably our knowledge of the 
sensory behavior of pollinating insects and helped to build up our present 
concept of floral evolution (see "Introduction"). 

Some Newly Ob served Sensory Capabilities of Insects 

Until recently, Little was known about the sensory abilities and mental 
faculties of pollinating insects. Joseph Gottlieb Koelreuter (1761), 
Christian Konrad Sprengel (1793-1811), the brothers Hermann and Fritz 
Mliller (1866-1896 ), Charles Darwin (1862), Frederico De Lpino (1869-
1875 ), Ernst Loew (1884), and other early floroecologists proved that 
insects are attracted by the variegated colors and fragrant odors of 
flowers but they did not know exactly how and why. Neither could they 
explain the enigmatic development of flowers to the present Level of per
fection, nor could they comprehend the esthetic appeal of colored blos
soms to the nectar-seeking insects. 

More recent experiments and. observations by Grant (1949-1952), 
Kugler (1952-1955), Ribbands (1953), Pijl (1961), Butler (1954-1959) and 
others proved an unchangeable constancy of certain groups and a relative 
ste adfastness of many individua L pollinators to definite flower types. In 
a bee colony all workers ordinarily gather nectar or pollen from the 
same flower type, and every hive has a "harvest formula" of its own. 
Subsequent to these findings a new problem arose: how can bees distin
guish and memorize complicated floral structures, displayed to them in 
hundreds of combinations in a foraging area? 

Present extensive experimentation in the field of sensory physiology 
of insects has brought a considerable change into this unclear situation. 
Since the rediscovery and scientific explanation of the "dances" of honey
bees by Karl von Frisch (1914, 1950, 1954) several new phenomena and 
remarkable facts have been Learned about the complicated Life and be
havior of pollinating insects. 

An efficient system of communication, a "sign or dance Language" of 
the bees (Rib bands, 1953; Lindauer, 1961) and some emotional reactions, 
are discussed in some earlier papers (Leppik, 1953-1955). Several new 
senses, instincts and a surprisingly high Level of sensory capabilities of 
pollinating insects belong to the further noteworthy discoveries made 
during the La st de ca des. 

Not Less astounding are the recently recorded abilities of bees and 
other insects to find their way by means of the polarized Light, and to 
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detect the ultraviolet rays from the white Light (Ribbands, · 1953). These 
outstanding properties of the compound eye of arthropods Lie, of course, 
far beyond the range of ability of the simple eye of man and higher ani
mals. In other respects the mammalian eye is believed to be superior 
to the compound eye of insects . 

A further series of experiments and observations of the writer Led to 
the deciphering of a well-established and widely distributed system of 
recognition of numeral patterns ("iconic numerals") and definite sym
metrical structures ("semaphylls") of ins ects. Although this system 
existed in nature for many millions of years, its origin and purpose was 
until recently unknown to man. There are thirteen basic symbols in this 
system, which vary further in their size, color and symmetry. Several 
hundreds of definite combinations are in this way clearly distinguishable 
to the insect eye (Leppik, l 948a , l 953b , l 955b). 

Using the above-mentioned system of iconic numerals as a standard, 
a method is available now to determine the relative sensory capabilities 
of different groups of pollinators and to establish the stage of their sen., 
sory development, as described elsewhere (Leppik, l 956a, 1958). 

Experiments with Bees and Nerve P oi s ons 

Dr . Gerhard Schrader {195la, b) of Leverkusen, Germany, is the suc
cessful discoverer..: ef, several new chemi cal compound s that act on man, 
animals, and insects as the mo st fatal nerve poi s ons ever known . One of 
his new chemicals , diethyL-p-nitrophenyl monothiophosphate, appeared 
capable of producing a strong sensory reaction in insects, and therefore 
is briefly discussed in this paper . This is an ester of thiophosphoric 
acid with the empirica l fo r m ula C1 JI14N05PS. Commonly the structural 
formula is used, as follows~ 

f 
P----0 C>--- NOz 

This new suostance which was disc ove red in 1944 is wide ly used now 
as a powerful insecticide of almo st universal application range. In 
Europe it is sold as "E 605," whic h is the former secret code number of 
this substance in Germany. American "Parathion" is a methyl ester of 
the German E605. 11 Thiophos" is the trademark for technical parathion 
manufactured by American Cyanamid Company as wettable powders and 
dilute dusts. They are s o ld under different brand names by various 
dealers throughout the country. Lately both products, diethyl and di 
methyl parathion, appeared on the American market. 

Both dimethyl (E 605) and dimethyl {thiophos) parathions owe their 
Lethal activity to their ability to inactivate the cholinesterase, an enzy
matic sub stance in nerve cells. Soluble in lipoids, p arathion can pass 
through nerve axons and accumulate in nervous systems. The theory of 
the inhibitory process has been developed by Wilson and Meislich {1955) 
in accordance with the process of enzymatic hydrolysis. 
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Nerve Poisons are Disastrous to Bees 
and Other Pollinating Insects 

11 

The Loss in bees rose correspondingly with the increased application 
of E605 dust in Germany. In 1949 the Agricultural Department in West 
Germany registered a total Loss of 20, 000 bee colonies in one season. 
In addition other beneficial insects that act as plant pollinators were 
killed by mass application of new nerve poisons . Yet the beneficial 
effect of nerve poisons as powerful insecticides was so decisive that 
their application increased rapidly, in spite of many accidents and 
claims from beekeepers. After the war, they were promptly introduced 
to America and are used now throughout the world. 

"The Struggle of Bees" (see Plate 21) 

A series of Laboratory experiments with E605 revealed some hitherto 
unknown sensory reactions in honeybees. Tiny amounts of these poisons 
were able to release strong emotional reactions as were demonstrated 
in a strange phenomenon, called "the struggle of bees." This is a gen
eral alarm and turmoil among bees, accompanied by fierce battles in 
which thousands of partakers are killed. The "struggle" of honeybees 
was first observed in Bavaria and was demonstrated in an experimental 
apiary of the State Horticultural College in Weihenstephan by the writer 
and his co-workers in the year 1948 (Leppik, 1949-1954; Palm, 1949). 

Later on "the struggle of bees" was frequently observed as a result 
of misuse of E605 dust as insecticide. Bees collected poisonous dust 
from treated plants and carried it to hives, thus starting a 11 struggle" in 
their home co Loni es. Ten marked worker bees that wer e Loaded with 
E605 dust started the "struggle" in an experimental hive during which 
most inhabitants of a hive of 40, 000 were killed during an afternoon. 
The struggle of bees caused great Losses in honeybees in Germany, until 
better methods of application and some restrictions in the us e of nerve 
poisons were introduced. In America mo st Ly wettable powder of di
methyl parathion is used and is Less hazardous to bees than the E605 in 
powder form as used in Germany. Nevertheless several mass killings 
are reported from the United States by Knowlton (1951) and Leppik 
(195ld), and the "struggle of bees" by Leppik (195ld, 1953a, 1954b). 

"The struggle of bees," as a remarkable phenomenon in the social 
behavior of bees, gave rise to vivid comments in newspapers and scien
tific journals in all parts of the world. This writer has seen many press 
reports from Europe, North and South America, India, and Australia. 
More scientific comments about this discovery were made by Merken
schlager (1950, 1958), Bolle (1952, 1954), Kaempffert (1953, 1954, 1955, 
1956), Mehlisch (1954) and anonymous writers in Scientific American 
(1951, 185(2) :34-36 ), and in The Organic Farmer (195 3, ~(l) :44-46). In 

Germany the "struggle of bees" as a phenomenon was confirmed by von 
Frisch and demonstrated experimentally by his coworker Schick (1953). 

Foraging Behavior of Honeybees 

Until now the flights of individual bees have been observed in certain 
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flowering plants that offer nectar or pollen to their visitors. Much val
uable information about the flower visitors of numerous P.lant speciesi 
has been gathered -in this way ·and published in voluminous monographs
and manuals by Delpino (1869), MO.Ller (1883), Knuth (1908), Robertson 
(1928) and others. Von Frisch (1914-1954) with his students and co
workers introduced the method of marking of individual bees with colored 
spots for field observations. The efficient system of communication of 
honeybees has been deciphered in this way. However, all these methods 
have a restricted area of application for observation of the activity of 
individual bees only. Experimentation with nerve poisons opened a new 
way to study population behavior in Large masses of pollinating insects. 
Application of nerve poisons in certain areas revealed common behavior 
traits of insect population in this area, as illustrated in the following 
example. {See Plate 20 .• ) 

A Disaster with Nerve Poisons 

In Bavaria, a dusting of a small field of about an acre of blooming 
rapeseed (Brassica napus L. var. oleifera DC.) with potential insecticide 
caused a mass killing of honeybees within a radius of 2-3 miles around 
the dusted field. About 5 million bees belonging to several beekeepers 
were killed during a short afternoon. Closer analysis of affected bee
hives showed that most worker bees, sometimes as many as 10, 000 in a 
colony, were killed. But in some nearby hives not a single bee was hurt. 

The distribution of beehives around the dusted rapeseed field (black 
square) is sketched in Figure 2. Beehives with total Loss of worker bees 
are shown in black, those where no dead bees were found during and 
after the dusting of the field are shown in white. Arrows indicate the 
flight direction of worker bees during their foraging trips. 

Figure 2. Map showing the :disJ:rib.ut~an_· of beehiwes around the __ rape
seed field (black square) dusted with deadly poison. The hives 
with total Loss of worker bees are colored black. White hives 
indic.ate that no dead bees were found during and after the dusting. 
Arrows point flight direction of worker bees during their foraging 
trips. 
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From this sketch it appears that in many colonies that were oriented 
to the poisoned rape fie Ld, a ll or most workers were killed shortly after 
dusting . Some few colonies, however , that were oriented to other plants, 
survived and did not show any Losses at all. This indicated the great 
regularity and strict order in a bee colony during their foraging activ
ities. 

From this and further experiments it appeared clearly that in a bee 
colony all worker bees, sometimes as many as 20, 000, were oriented to 
the same place (rape field) and collected nectar from the same plant 
species (rape), not touching other flowers during their successive trips. 
To find their proper foraging area, these bees had to fly as far as 2 to 3 
miles and to Locate their food plants in a small area between forests 
and fie lds. 

Later, similar experiments were performed with marked bees that 
enabled the registration of workers from different colonies on the same 
foraging area. From these experiments it appeared that every bee co Lony 
had its definite food plant in a restricted foraging area, which was ex
ploited as Long as the nectar flow in these plants were still satisfactory. 
Other colonies worked in the same way but with other plants. How such 
perfect organization is possible was demonstrated by von Frisch to be a 
precise system of communication among bees. 

Thus the extensive experimentation with nerve poisons, although ac
companied by serious disasters, helped to demonstrate the actual rela
tionship between flowers and their pollinators. This understanding and 
further investigations with tropical insects in EL Salvador (1953, 1954) 
led the present writer finally to a new concept of reciprocal correlation 
between the evolution of flower types and the sensory development of 
pollinating insects, as discussed in the following chapters. (See Plate 
22.) 

DEFINITIONS AND TERMINOLOGY (Figs. 3-6) 

Since the term "flower" (euanthus4) has been used in botanical Litera
ture with various and sometimes controversial meanings, some brief 
terminological remarks here appear desirab Le. Additional comments on 
the classical theories and modern concepts of the nature of the flower 
can be found in papers published by Bancroft (1935), Arber (1937), Wilson 
(19 37), Gregoire (1938), Plantefol (1948), Parkin (1951 ), Tepfer (195 3), 
Good (1956), Mason (1957), Barnard (1960, 1961), Eames (1961a, b}, ancl 
Melville (1960, 1963). 

The word "flower" (Latin: £Los, Greek: &.ve 'o' German: die Blume, 
etc.} very likely had already been used in prehistoric times in various 
Languages to indicate the showy blossom or a plant grown or esteemed 
for its showy blossoms, i.e. an ornamental. This is still the common 
meaning and the valid definition of a "flower" in a gardem.er 1svocabulary. 

4 Euanthous plants bear true flowers composed of semaphylls and sporo
phylls. Pseudanthous plants carry pseudo-flowers, inflorescences that 
imitate true flowers, such as the flower head of the Compositae, cya
thium of the. Euphorbiaceae, involucre of Dichromena, and so on (see 
Figs. 3-6). 
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Any purpose of showy flowers other than to express beauty very Likely 
was inconceivable to ancient peoples. 

Although the "caprification" {transferring of pollen from "caprificus" 
to "ficus") of fig trees by a chalcid wasp for better setting of fruits was 
already known to Aristotle {384-322 B. C. ), the true meaning of insect 
pollination was not understood before the sensational discoveries of 
Koelreuter {1761) and Sprengel {1793) in the middle of the eighteenth 
century. The phenomenon of "caprification" was later described in detail 
by Laubach {1882) and the wasp involved was identified as B Lastophaga 
grossorum Grav. (= Cynips psenes L., Chalcididae). Some ceremonial 
pollinations, performed by ancient Egyptian priests, were obviously 
inaugurated by religious conviction, rather than by an understanding of 
the process of fertilization. 

After a comparative morphological study it became apparent that the 
essential parts in flowers are the reproductive organs, stamens and pis
tils (i.e. sporophyLLs), and that the showy envelopes are present only in 
complete flowers for attraction of pollinators. Thus, the term "flower" 
lost its original meaning and in scientific literature became synonymous 
with the reproductive structure of seed plants (Anthophyta). 

A flower then was considered to be a reproductive shoot composed of 
sporophylls and pe rianth. Supporters of the strobiloid theory went still 
further, defining a flower as a specialized "anthostrobilus,"5 in which 
the Lower sporophyLLs have become sterile, forming sepals and petals, 
and the upper have changed into stamens and carpels. Consequently, the 
main interest was centered around the morphological structure of re
productive parts rather than the ecological aspects and physiognomy of a 
flower as a whole. The corolla, for instance, almost Lost its position as 
a morphological entity, because petals were considered sterile stamens, 
metamorphosed bracts, or petaloid sepals (see Smith, 1926, p. 26). All 
flowers were classified then as complete (with sepals, petals, stamens, 
and pistals) or incomplete (some regular organs Lacking), perfect (with 
stamens and pistils) or imperfect, petalous or apetalous, sepalous or 
asepalous, and so on. Various theories that interpret flower as a mor
phological unit, including a new gonophyLL concept, are recently reviewed 
by Melville {1962-1963). 

Such one-sided emphasis on morphological principles did not favor 
the study of the evolution of flower types, but rather has produced some 
contradictions in morphological and typological concepts. The actual 
evolution of flower types to their present-day perfection of color, form, 
and symmetry remained as great a mystery as ever. And, thus, the 
deviation from the original aesthetic conception of the word "flower" to 
a morphological abstraction, in spite of adding clarity, has resulted in 
several misconceptions and controversies among students of floral ecol
ogy. 

5 Anthostrobilus is according to Arber and Parkin {1907-1909), a hypo
thetical cone-like flower that precedes gymnosperms and early angio
sperms. Flowers of primitive angiosperms, such as Magnolia, water
lily, and many other Ranales can be derived from anthostrobilus. More 
fundamental in conception is the recent gonophyll theory of Me Lville 
{1960). 
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Figure 3 . Flower of Begonia (A) compared with the flower head 
(pseudo -flower) of Achillea millefolium L. (B) and cyathium of 
Euphorbia corollata Engelm. (C).Not e the striking similarity of 
the se "flowers" in spite of being compo sed of different morpho
logical organs. (Courtesy of Ginn and Company, New York.) 
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Shown in Fig. 3 is a "true" flower (euanthus) of Begonia (A) i n com
parison with an inflorescence (capitulum) of Achillea millefolium L. (B) 
and with a cyathium (inflorescence) of Euphorbia corollata Engelm. (E). 
In these ve r y similar confi gurations only Begonia has morphologically 
true peta Ls that form the showy part of a flower and serve for attraction 
of pollinators . In the flower head or capitulum of the _Coz:nposit~e petals 
are replaced by ray florets and in the cyathium of the Euphorbiaceae 
by colo r ed bracts. Consequently the pseudo-flowers of Achille a and 
Euphorbi a ar e incomplete and imperfect morphologically, but are en
tirely perfect and complete typologically. Such "pseudo-flowers" can 
easily be mistaken for "true" flowers by the Layman. This example 
clea r ly shows the difference between morphological and typological 
c oncepti ons. 

The striking similarity of the cyathium of Euphorbia coroLLata Engelm. 
with the single flower of Spirea trilobata L . is shown in Plate I. Both 
structure s are strictly pentamerous , have white c olor with yellow center, 
a n d have very c Lose Ly the same size . 

Fig . 4 shows the cross secti on (B) of t h e flower head (capitulum) of 
a yarrow (AchiLLea millefolium L.) and details of the individual florets 
(C, D). From a distant view this structure imitates a single flower (A), 
b ut is actually composed of many disk florets and rays (re). Although 
disk florets have pre served all morphological parts of a complete flower, 
t h ey fun c t ion in this new assemblage as nectar deposits. Ray florets are 
com·monly i mperfect and sterile, but function as petals of a true flower. 

In F i g . 5 incomplete and imperfect flowers of Euphorbia are surround
ed by a flower Like involucre that imitates a single flower. In Euphorbia 
splendens Bojer (A) these pseudo - flowers are dimerous, but in~. corol
Lata Engelm. (B) they are pentamerous. Actual flowers are unisexual 
but a cyathium contains both staminate (C) and pistillate (D) flowers. 
After anthesis only pistillate flowers develop into fruits (E). 

Further types of pseudo-flowers are pictured in Fig. 6. In Poinsettia 
pulcherrirna Grab. (A), the true flowers are inconspicuous in the axils 
of brightly colored upper Leaves. In Cornus florida L. (B) large pseudo
flowers are formed from fo u r prominent white bracts that surround the 
c entral cluster of flowers. 
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c 

Figure 4. The flower head (inflorescence of yarrow, Achillea mille-
folium L. A. The head with exposed rays (re) and disks (d). 
B. Vertical section through the head. C. a single ray, floret. 
D. Vertical section of a disk floret. ALL greatly enlarged. Expl.: 
a= anther; ch= chaff; d =disk floret; i = involucre; o =ovary; 
re= ray floret; s = stigma; tc = tubular corolla. (Courtesy of 
Ginn and Company, New York.) 

~ 
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Figure 5. Incomplete and imperfect flowers (cyathium) of Euphorbia 
splendens (Bojer (A) and~· coroLLata Engelm. (B). 
A. A flC?wering twig showing numerous flower clusters (cyathia) 
each of which resembles a cimerous single flower. B. an inflor
escence (cyathium) looking much like a pentamerous single flower. 
C. A staminate flower from B. D. the involucre after removal 
of staminate flowers from B. E. the inflorescence after pistil 
has d~veloped into a young fruit. {Courtesy of Ginn and Company, 
New York.) 
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Figure 6. Pseudo-flowers of Poins ettia (A)(dark in figure) that are bright 
red upper Leaves, and flowering dogwood, Cornus florida L. (B), 
with tetramerous pseudanthium composed of bright white bracts. 
(Courtesy of Ginn a nd Company, New York.) 

Evolution of such pseudo-flowers cannot be explained with morpho
logical terms and present workers again tend to put more emphasis on 
the physiognomic nature of the flower (Thompson, 1944; Sprague, 1962). 
Arber (1937), Emberger {1944) , and Lam (1948, p.135), for instance, in 
attempting to arrange the generativ e organs of angiosperms into a new 
morphological system, concluded that a "flower, even the most simple 
one, is not a morphological unit, but rather a physiognomic and biologi
cal conception." Barnard (1961) recently proposed considering sepa
rately the aspects of a flower as a morphological unit and as a biological 
entity. 

Some of the main obstacles that hinder correlation of morphological 
concepts with ecological principles are the manifold functions of a flower. 
It is actually a very spe cial shoot-system adapted to perform a whole 
s e quence of reproductive functions, including advertising, pollination, 
f er tilization, and dispersal of fru its or seeds. Every one of these func
tions requires a. special arrangement of particular organs, all united 
into a single system functioning as a definit e whole (Table 1). 

Table 1. Comparative List of successive stages of flowering plants 
(according to L eppik, l 96la, p. 18). 

Shoot systems Stages Functions Arrangements 

Foliage vegetative photosynthesis phyllotaxis 
Sporophylls anthetic reproduction an tho taxis 
SemaphyLLs po llinative advertising semataxis 
Carpels fruiting diss emination carpotaxis 
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After the Long and fundamental development of morphological concep
tions of the phylogenetic origin of various flower parts , it seems advis
able to maintain these terms in their proper morphological meaning, 
and to introduce some new concepts for the functional characterization 
of the flower. -The term "semaphylls" (Leppik, 1956, p. 452) seems ap
propriate to indicate the basic functional difference between showy parts 
in a flower and its reproductive organs , called "sporophyLLs." Sema
phyLLs6 are mainly nonreproductive structures such as petals, petaloid 
sepals, staminodia, colored bracts, and upper Leaves .. Sometimes 
brightly colored stamens or pisti ls fulfil the function of semaphyLLs. 

Prantl (1888) introduced a functiona L term "honey-Leaves" or "meli
phylls" for nectar-producing phylloid organs in the Ranunculaceae. More 
recently this term was replaced by "nectar-Leaves" or "nectarophyLLs." 7 

to distinguish nectar from honey. Accordingly, a "nectar-Leaf" can be 
defined as any phyLLoid organ that bears nectaries (nectar-secreting 
glands, frequently as protuberances, scales, cups, or pits). 

In a previous paper (Leppik, 196la), an attempt was made to corre
late the floral arrangement with the well-studied foliage systems and te 
derive some new terms for floral orders from the classic phyllotaxis 
concept. In this terminology, the arrangement of semaphylls (showy 
parts of flowers) was called semataxis 8

; that of the sporophylls (genera
tive organs), anthotaxis; and the arrangement of fruits (9r seeds), ~
potaxis (Tab Le 1). 

Thus, a complete series of new technical terms is gradually intro
duced by anthoecologists to define the main phases and functional devices 
in the process of pollination (Table 2). These terms help t© eliminate 
former contradictions with the morphological conceptions . This new 
classification is most useful for the evolutionary study because any one 
of these orders, semataxis , a~thotaxis, and carpotaxis, has its own 
hologenetic trend of evolution, and may be analyzed separately. 

In this paper, only the sematactic evolutionary trend of showy flowers 
is considered. The evolution of generative floral parts, particularly the 
development of seed-bearing structures in various geological periods, is 
described by Thomas (1936). 

6 SemaphyLLs are described in a previous paper (l 956a) as "food marks," 
or "trophosemeions," of pollinators which guide visitors to their food 
plants. In contrast to "sporophyLLs" which are stamens and pistils of 
ordinary flowers, semaphyLLs are formed from p .etals, sepals, stami
nodia, bracts, or colored upper Leaves. Semaphylls and trophoseme
ions are different from "nectar guides," which are special pointers of 
nectar deposits in flowers. 

7 NectarophyLLs or "nectar-Leaves" ("honey-Leaves") are vestigial petals 
or stamens in the Ranunculaceae that bear nectar-secreting glands. 

8 Semataxis is a new term introduced by Leppik (1961, p. 4) for the sys
tem of semaphylls, the special "food marks" or trophosemeions of 
anthophilous insects. These marks are the showy parts of the flower, 
such as the petals and colored sepals in ordinary flowers; but also 
petaloid stamens, colored spathes, bracts, white involucres, . anthoid 
inflorescences, and the discolored upper Leaves of many pseudanthous 
plants, which serve as trophosemeions or food marks for anthophilous 
insects. 
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Tab Le 2. Comparative list of morphologica Land typological (functional) 
terms in £towering stage of angiosperms. 

Flowering plants 

Unshowing flowers of 
aphananthous plants 

Showing flowers of 
phaneranthous plants 

Morphological terms 

pistils 
stamens 

Typological terms 

megasporophylls 
microsporophylls 

staminodia, petals-corolla nectarophylls 
sepals-calyx, bracts semaphylls 

In regard to the mechanisms of pollination, two main trends can be 
distinguished in floral evolution; the biological trend of entomophilous 
{and zoophilous), and the mechanical trend of anemophilous plants. 
Entomophily results in progressive development of the showy parts of 
flowers while anemophily results in regressive development of these 
parts. One can call the first group "showy flowers" of "phaneranthous" 
plants, as opposed to "unshowy" blossoms of "aphananthous" plants. 
Both terms: C!.cp avciveo,, cpav£p~veo,, are derived from Greek, as 
follows: cpav£p6, , visible; ti.v8o·, , flower; 6.cpaV1J' , invisible. 

Accordingly, phaneranthous plants bear showy "flowers" in the origi
nal, historical meaning of the word. These flowers are composed of 
sporophylls {stamens and pistils) and semaphylls {petals, sepals, tepals, 
bracts, upper leaves, or any other showy part which serves to advertise 
the flower to pollinators), and are visited by insects, birds, bats, or 
any other animal Looking for food in flowers. Aphananthous plants, on 
the contrary, bear mostly anemophilous flowers without semaphylls. 

During anthesis, semaphyLLs are arranged in a definite pattern which 
functions as a trophosemeion or "food mark" for pollen- or nectar
seeking pollinators. Their evolution, therefore, must necessarily be 
correlated with the sensory development of contemporary pollinators, 
particularly with the ability of these pollinators to distinguish flower 
patterns. Consequently, the evolution of showy flowers must necessarily 
follow a natural sequence from the primitive and elementary forms to 
more specialized patterns as described elsewhere {Leppik, 1953b, 1957b) 
and pictured in Fig. l of this paper. 

FLORAL MORPHOLOGY AND MERISTIC VARIATION 9 

IN THE RANUNCU LACEAE 

Typical flowers of admittedly primitive ranalian genera are regularly 
bisexual, with complete perianth, and predominantly with numerous 

9 Meristic variation is the differentiation of flower parts to dimerous, 
trimerous, tetramerous, pentamerous, hexamerous, decimerous, oli
gomerous, or polymerous structures. Progressive floral evolution is 
characterized by gradual reduction in the number of flower parts, from 
polymerism to oligomerism, to pentamerism, trimerism, and so on. 
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spirally arranged sporophylls around a central axis. Such an elementary 
floral structure has many similar features with the haplomorphic mag
~olian prototype and can be readily derived from the hypothetical antho
s t robilus of Arber and Parkin (1907-1909). This structure also can be 
connected with the gonophyLL branch system of Melville (1960, 1963), 
which presumably has preceded the flower cone of magnolia. Advanced 
genera, on the contrary, are characterized by gradual reduction in the 
numbers of floral organs from polymerism to pleomerism, by replace
ment of spiral divergences in flower parts with cyclic orders, and by a 
progressive differentiation of semaphyLLs (Fig. 3). 

Trapl (1912, p. 279) summarized available evidence - indicating why 
spiral and acyclic £Lowe rs in the Ranunculaceae have to be considered as 
primitive and cyclic arrangement as progressive. ALL gymnosperms are 
acyclic, and are doubtlessly older than angiosperms. Lower angio
sperms, such as Magnolia, are basically acyclic but show a clear ten
dency to cyclic peri anth arrangement. 

Calycanthus, another relative of the Ranunculaceae, has a cyclic 
arrangement throughout. Bisexual, fragrant flowers here have all the 
characteristics of a haplomorphic type. The spirally disposed perianth 
is composed of numerous imbricated tepals (semaphylls), undifferentiated 
into sepals and petals, 5-30 stamens, and gynoecium with about 20 dis
tinct pistils, situated within a cuplike receptacle (see Fig. 8:7). Illicium 
(£am. ILLiciaceae) has typically actinomorphic flowers with- 7-33 tepals, 
numerous stamens, and with 7-15 (21) pistils (Fig. 8:1). In the Ranun
culaceae, all intermediate stages are represented, from the acyclic 
primitive flowers to the exclusively cyclic floral arrangement in the 
higher angiosperms. 

Such is also the general trend of floral evolution from the general and 
more elementary types toward specialized floral structures (Fig. 1). 
This sequence corr-esponds to the sensory development of pollinating 
insects (Leppik, 1957b). It appears in a most Logical order, evolving 
from the indeterminate, general beginning to more and more specialized 
forms derived from the undifferentiated types (Daniker, 1959). 

Stamens and Carpels 

Stamens and carpels, i.e. the sporophyLLs in ~ Lato, are phylo
genetically the most constant flower parts in the Ranunculaceae. They 
are essential for sexual reproduction, and, therefore, must be present 
in every fertile flower, regardless of its phylogenetic origin. Even if 
the angiosperms evolved from some anemophilous or sporophorous 
ancestors, as postulated in the conventional strobiloid and gonophyll 
theories, the micro- and megasporophyLLs must have already been p-res-
ent in that early stage of development. 

In primitive flowers, the stamens and pistils are numerous and spir
ally arranged around a central axis. Commonly, both sexes are present 
in the same flower or in different blossoms in the anemophilous plants. 
During the progression of entomophily in the higher flower types, the 
number of sporophylls has been gra.dually reduced to pentamery, trimery, 
or a single unit. In the Ranunculaceae high numbers of stamens and car
pels, accordingly, prevail in more primitive genera, such as Ahern~, 
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Ranunculus, Caltha, Paeonia, but this number is drastically reduced in 
advanced genera, such as Delphinium, Aquilegia, Isopyrum, Cimcifuga, 
and· Actea. The pentamerous flowers of Aquilegia, for instance, contain 
five carpels and stamens, or multiples of five, with the most common 
number being 45 or 40 (Tepfer, 1953, p. 527). 

Bracts and Sepals 

In the Ranunculaceae, the outer perianth, composed of bracts and 
sepals, has predominately a foliar character (Trapl, 1912). Smith (1926), 
Salisbury (1931 ), Wilson and Just (1939), and ·Tepfer (1953) have brought 
both anatomical and morphological evidence to support this view. The 
transformation of cauline leaves into bracts and of bracts into sepals 
are demonstrated in the closely related genera Anemone, Hepatica, and 
Pulsatilla. Here the process itself seems to be secondary and tends to 
replace morphological sepals, which took over the function of petals. 
The Long pedice Ls of Anemone · obviously serve to protrude the flowers 
from the bracts and from green foliage and thus heighten the effect of 
corolla. 

The arrangement of perianth Leaves is primarily spiral, but tends 
to become cyclic in higher Levels. Gunnell (1958} established that the 
quincuncial calyx of Ranunculus repens L. is a direct continuation ·of -the 
spiral from the prophylls. Salisbury (1919, 1931) found the same se
quence in_!!.. parviflorus L., Eranthis hyemalis (L.) Salisb., and Ficaria 
~ Huds. Origina,Lly, the purpose of bracts and sepals undoubtedly 
was the protection of inner flower parts, until a new function arose to 
heighten the effect of showy parts in a flower with additional semaphylls. 
This new function must necessarily have evolved in correlation with the 
sensory development of contemporary pollinators. 

Petals, Nectar-Leaves and Semaphylls 

Petals are the most changeable parts in ranalian flowers. They vary 
in color, shape, and size, but differ morphologically in diverse genera. 
This morphological instability of petals can be explained by the Late ap
pearance of corolla in the phylogenetic history of angiosperms, definitely 
not before this plant group was involved in insect pollination. But even 
in their Later history, petals have the most uncertain position, becoming 
nectar-Leaves (Delphinium, Aconitum), being replaced by sepals (Ranun
culus} or disappearing entirely in the anemophilous flowers (Thalictrum). 
Petals originally served as semaphylls to attract pollinators, a function 
which was Later transferred to many other parts of the flower. 

As Late comers in the phylogenetic history, petals do not possess 
their own phylogenetic primordials, but are formed secondarily from 
some other flower part already in existence. Goebel (1933) explained 
the Late appearance of petals in the ontogeny of the flower with their 
status as arrested stamens, which view was supported by de Candolle 
{1813), Troll {1928), Arber {1937), and many Later investigators. The 
foliar origin of the petal, in spite of its dorsiventrality and Laminar form, 
is Less obvious. However, according to Goethe {l 790), the stamens 
themselves are but metamorpho_sed Le_aves . 
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Just as variable is the number of petals, which varies· from genus to 
genus, or even, in some genera, from species to species. More prim
itive genera commonly possess flowers with many petals, the number 
frequently varying among individuals. On the contrary, in advanced 
flowers there is tendency toward reduction of the number of petals to a 
definite number, such as 8, 6, 5, 4, and 3. This number tends to be 
fixed in all individuals of the same species. Table 4 and Fig. 12 show 
some selected examp les of statistical counts from the available material. 

PHYLOGENETIC CLASSIFICATION OF THE RANUNCULACEAE 

Phylogenetically, the Ranunculaceae form a natural group composed 
very Likely of closely related genera. Prantl (1891) divided this family 
into three tribes, which were raised by Janchen (1949) to the rank of 
subfamilies. These three subfamilies are Paeonoideae (including phylo
geneticaLLy uncertain genera Glaucidium and Hydrastis), Anemonoideae 
(characteristic by uniovulate pistil), and HeLLeboroideae (multiovulate 
pistil). Current phylogenetic and cytologic studies of U Lb rich (1905-
1938), WordseLL (1908), Schrodinger (1909), Rassner (1932), SchMfeL 
(1932), Wodenhouse (1936), Brouland (1936), Stern (1946), and others~ 
support such phylogenetic grouping. Gregory (1941 ), for instance, found 
that Paeoniae withGLaucidium and Hydrastis contain Large chromosomes 
of 5X, Anemonae Large or small of 7X or derivatives, and Helleborae 8 
chromosomes or derivatives from this number (Fig. 7). Only the very 
small chromosomes of Coptis and Xanthorhiza with basic number = 9 
did not match well with other groups. Extensive systematic serological 
studies in the Ranunculaceae were made by Hammond (1955). 

Figure 7. Chromosome types and groupings in the Ranunculaceae 
according to Gregory (1941). 
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The phylogenetic splitting of the ancestral Ranuaculaceae obviously 
took place very early so that the recent tribes and genera have had Long 
evolved side by side before their further splitting into species, sub
species, and smaller units. ALL this material mu st have been exposed 
Long enough to the selective activity of food-searching insects, to cause 
parallel development of flower types in subfamilies and even in many 
genera (Fig. 13). 

Paeonioideae 

The most elementary floral structures, similar to the Magnolia 
flowers, occur in the genus Paeonia (Fig.12, Plate 3). More primitive 
members of this genus possess Large flowers with many petals (P. dela
vayi Frachet has 8-9 petals), mostly white, yellowish, or pink~ More 
advanced species, on the contrary, have radiate symmetry with polym
erous or pentamerous corolla. But .no trace of stereomorphism or zygo
morphism is known in peony flowers. 

This archaic floral structure of the genus Paeonia corresponds to 
other primitive characteristics, such as shrubby habit . of the section 
Moutan and a marked anatomical affinity with Magnoliaceae. WordseLL 
(1908), therefore, suggested the segregation of Paeonia as a separate 
unigeneric family. But this separation, although generally agreed upon, 
has never become a well established practice because of several other 
characteristics that bind peonies with the Ranunculaceae. 

Barber (1941) and Stern (1946) suggested that Peonies might have 
arisen in Central Asia, where the primitive shrubby section ~ is 
indigenous. But they must already have been distributed in early Ter
tiary throughout the northern hemisphere on Eurasian and American 
continents. The original-area of distribution very Likely was interrupted 
repeatedly during glacial periods. However, the eastern part of Central 
Asia was free from ice and some members of the present section Moutan 
such as ~. suffruticosa Andrews, ~. de Lavayi Franchet, ~. Lutea Delavay 
and ~· potanini Komarow may be direct descendants from ancestors 
which might have survived all glacial periods. As mentioned above, this 
section is characterized by archaic shrubby habit, diploidy, Large mag
noloid flowers, and magnoliaceous wood anatomy. The North American 
section Onsepia, with two diploid species, seems to be distantly related 
to this Asiatic section. 

It is further suggested that the European peonies have been moved 
down to the Mediterranean islands and into other warmer areas by in
creasing glacial pressure from the north. Descendents of these pre
glacial diploid species are Living now in various Mediterranean and 
Caucasian areas. Some of them, however, have Later produced tetra
ploid forms with high vitality and Large areas of distribution. 

Presumably, the genus Paeonia is not only an important phylogenetic 
link between primitive woody angiosperms and more advanced herbace
ous Ranunculaceae, but also connects the sequence of floral evolution 
with primitive Magnolia flowers. Very Likely both magnolias andpeonie s 
have been Long exposed to the se Lective activity of the same insect groups 
(assumabl}'.: beetlesYwhich preferred to visit flowers with haplomorphic 
characteristics. Although haplomorphic flowers are accessible to many 
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insect groups, beetles are the predominant visitors of both magnolias 
and peonies even today. 

Hydrastis and Glaucidium are more advanced phylogenetically and 
possess trimerous or p entamerous flowers of pleomorphic type-class 
(Bowers, 1891). 

F igure 8. Haplomorphic and actinomorphic flower types in ranalian 
plexus. 1. Illicium floridanum Ellis. 2. Vertical section from 1. 
3. Boldea boldus Perk. staminate flower. 4. The same, pistillate 
flower. 5. ~Lia grandiflora L., haplomorphic flower. 6. Nym
phaea alba Prsl. flower. 7. C a lycanthus floridus L., flower. 
Redrawn from pictur es {by Bailey) and photographs. Pictures 1-4 
courtesy of Macmillan Company. 

Anemonoideae 

The subfamily Anemonoideae c ontains representatives of actino
morphic and pleomorphic type-classes and some genera with secondarily 
reduced flowers (Thalictrum, Myosurus). In the genus Anemone, both 
actinomorphic (~. apennina, !::_. coronata) and pleomorphic (most spe
cies) are represented. Other genera are predominantly pleomorphic, 
containing flowers with 8, 6, . 5, or 4 petals, or petaloid sepals (Britton, 
1892). For comparison se e Plates 5 , 6, 9, 10, 12, 13, and 14. 

A small subtribus Kingdoniinae with two genera, Kingdonia .and Cir
caeaster, from China represent an isolated plant group with clearly 
ranalian characteristics. Janchen (1949, p. 44) joined these plants with 
the tribus Clematideae of the subfamily Anemonoideae. Although these 
monotypic genera are undo ubtedly angiosperms and are affiliated with 
the Ranuncu laceae, the dichotomous venation pattern of their leaves 
strikingly resembles the venation pattern of Ginkgo biloba L. and certain 
ferns (Foster, 1959). 
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Helleboroideae 

In this subfamily, both progressive and regressive trends of floral 
evolution are represented in several genera. Aquilegia, with its Long 
spurs (progressive trend), is a stereomorphic type. These flowers are 
unique, because every petal fo:Cms a Long spur, imitating a compound 
flower. A. ecalcarata Maxim. from Asia, with the most poorly developed 
spurs is-; according to Munz (1946 ), primitive. American species of 
Aquilegia are accordingly considered by Payson (1918) to be progressive. 
Delphinium, on the contrary, has a single spur. Aconitum has a typically 
zygomorphic flower (Gayer, 1909; Ewan, 1936, 1945; Munz, 1945). Trol
lius europaeus L. shows a regressive trend in its floral differentiation, 
having formed secondarily a haplomorphic (spheric) flower from an 
actinomorphic corolla (Shipczinsky, 1924). Floral structures of Delphi
nium, Aquilegia, and Aconitum, see Plates 15, 16, 17, and 18. 

EVOLUTION OF FLOWER TYPES IN THE RANUNCULACEAE (Fig. 13) 

Prevailing entomophilous characteristics, such as bisexuality, nectar
secreting glands, , and indigenous showy flowers of the Ranunculaceae 
unmistakably point to the early involvement of this family in insect pol
lination. Occasional reduction of showy petals and uni sexuality in some 
species of the genera Thalictrum and Cimcifuga are obviously a secon
dary adaptation of this genus to wind pollination, predominantly very 
Likely because they occur in open grassland areas, which are sparsely 
populated by pollinating insects. Anemophily, however, is not the sole 
mode of pollination in Thalictrum. Intensively colored showy stamens of 
several woodland species in this genus attract bees, beetles, and other 
pollen-eating insects, which carry pollen from flower to flower and from 
plant to plant. Parthenogenesis occurs in some specie.s. 

One can assume, therefore, that the ancestors of the pre sent-day 
Ranunculaceae already were entomophilous and that floral evolution in 
this family took place concurrently with sensory development of their 
pollinators through several geological periods. This view is in agree
ment with conventional theories that the early angiosperms were ento- · 
mophilous and that pollinating insects may have been a significant agent 
in the evolution of flowering plants (Robertson, 1904; Neumayer, 1924; 
Parkin, 1951; Nemejc, 1956; Baughey, 1959; Axelrod, 1960, p. 243, 
footnote, and 1961, p.456; Eames, 1961). In these circumstances, the 
extreme diversity of flower types in such old and Large families as the 
Ranunculaceae appears natural and seems properly adapted to the sen
sory environment of their progressive pollinators. 

Birds and other animals seemingly have been Less actively involved 
in the evolution of the Ranunculaceae. There are only a few truly orni
thophilous flower types in the ranalian plexus, such as Aquilegia ~
densis L. and Delphinium tricorne Michx., and all occur in the higher 
evolutionary Levels. In North America, for instance, all ornithophilous 
Ranunculaceae are visited according to Robertson (1928), by Trochilus 
colubris L. This fact indicates the comparatively Late appearance of 
birds among the pollinators of this family. 
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Pre-Ranalian Flower Types 

From other sources (Leppik, l 960b, 1962, l 963a, l 963b) it is known 
that elementary flower types occurred among mesozoic Cycadophyta Long 
before the first appearance of angiosperms in paleontological records. 
Numerous well preserved fossils of cycadeoid flowers reveal their es
sential entomophilous characteristics, such as bisexuality, occasional 
protandry, well-developed semaphylls, perfect floral shape, and ex
quisite symmetry~ Beyond doubt, such elementary but morphologically 
well-perfected flowers must have had some color, presumably white or 
yellow, in contrast to the green foliage. Very Likely these early flowers 
were adapted to the elementary sensory abilities of their contemporary 
pollinators, precominantly beetles, which were conditioned to distinguish 
and remember such primeval flower types in the pre-Cretaceous floras 
(Leppik, 1 960b). 

The early development of cycadeoid flowers must have enabled many 
phytophagous insect groups to become conditioned to these e Lementary 
types ·and gradually to acquire an inherited ability to distinguish and 
remember e Lementary floral characteri sties. In the Mesozoic era, dur
ing the expansion of beetles, amorphic, haplomorphic and actinomorphic 
flower types became common among some Cycadophyta. In recent floras 
these types occur in most diverse groups of angiosperms, but their 
principal visitors are still beetles. At the same time, many modern 
flower types have evolved in correlation with the sensory development 
of higher pollinators to a remarkable diversity and specialization. 

Conclusive evidence deduced from fossil records indicates that the 
pollinating insects must have Lived with some gymnospermous flowers 
(mainly B ennettita Les) about 100 million years (roughly estimated) before 
they met early angiosperms (Leppik, l 960b). Accordingly, this Long 
"experience" and some elementary Level of their sensory development 
permitted these insects to recollect quickly (in a geological sense) floral 
characteristics that were already engraved in their innate memory as 
definite senses for form and symmetry. Consequently, the Long pre
angiospermous existence and wide distribution of elementary flower 
types among Cycadophyta explains the instantaneous appearance and 
rapid increase of well-perfected type-classes10 - in the e·arly ranalian 
plexus. 

Early Ranalian Flowers 

In the Light of recent investigations, it seems reasonable to assume 
that the early Ranales, no matter where or when they first appeared on 
the scene,. al.ready must have been surrounded by a diversity -of pellinat
ing insects. A considerable number of these insects must have at that 
time reached in their sensory development a certain elementary Level to 

10 Type-class is defined in some previous papers (Leppik, l 957b, foot
note) as a group -:of _Hower t-r.pes of the same evolutionary Level --with 
similar principal characteristics. So far those described are amorphic, 
haplomorphic, actinomorphic, pleomorphic, stereomorphic, and~
morphic type classes. 
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distinguish and remember primitive flowers of amorp'hic, haplomorphic 
and actinomorphic types that were common for both flowering Cyca
dophyta and early angiosperms (Leppik, 1960b). Fossil evidence indi
cates that these insects were assumably beetles, flies, stoneflies, bugs, 
wasps, and thrips, which hitherto have Lived and evolved with flowering 
Cycadophyta. Frequently fossilized parts of these insects are found in 
the same beds with plant remnants. 

This explains the striking resemblance of cycadeoid flower types to 
those of primitive Ranunculaceae in the haplomorphic and actinomorphic 
Levels. It is possibla to interpret the florat convergency in many ,phylo
genetically unrelated plant groups as a result of selective or trophec
Lectic activity of insect pollinators that are guided by their Long estab
Li shed innate senses. 

In Figure 8 are shown some ear Ly ranalian flowers with primitive 
entomophilous characteristics. Pictured are: Illicium (Fig. 8:1, 2), 
Boldea (Fig. 8:3, 4), Magnolia (Fig. 8:5), Nymphaea (Fig. 8:6), and Caly
canthus (Fig. 8:7). Haplomorphic form is prevalent in these flowers with 
a marked tendency to expand radiate symmetry when in full bloom. 

Representatives of the first amorphic Level have not survived among 
the present-day floras, but some haplomorphic types still occur among 
the Living Ranunculaceae. It is possible, therefore, to begin with the 
haplomorphic Level and to follow the whole evolutionary sequence on 
Living material. Our next question, consequently, is why amorphic 
flowers evolved to haplomorphic and actinomorphic types, although all 
three are equally accessible to, and are actually visited by, all insect 
groups with more elementary senses for form and symmetry. 

The early phylogenetic splitting of ancestral Ranales into smaller 
groups must have created a parallel development of many genetically 
isolated taxa, all exposed to a diverse population of pollinators. This 
genetic partition also must have produced some variation in flowers, 
such as size, color, form, odor, and possibly primitive nectar deposits. 
Thereafter, it became important for plants to avoid the mixing of incom
patible pollen of these new taxons. Insects, on the other hand, urgently 
needed distinctive characteristics for their food plants as soon as these 
began to differ in food qualities and quantities, such as pollen, nectar, 
and edible parts of flowers. Thus, a further differentiation and mutual 
specialization became both an indispensable necessity for plants and an 
obvious advantage for insects. But it must have been the selective acti
vity of pollinating insects, correlated with their increasing ability to 
recognize and memorize floral characteristics, that accelerated the 
further Hor.al evolution of the Ranunculaceae and other angiosperms. 

There is a natural tendency of haplomorphic flowers in full bloom to 
spread their petals (semaphylls) in a radial level (Fig. 8). Such simple 
rearrangement of semaphylls strengthens the visual effect of flowers 
from distant view and makes it easier for visitors to find their food in . 
the differently colored central part of the flora L disk. An obvious advan
tage for plants in this rearrangement is better attraction of insects and 
the possibility of conducting visitors directly to the pistils and stamens, 
which are assembled in the central part of the flower. An advantage of 
haplomorphic flowers, however, is that between their concave petals 
they can offer better protection to insects Looking for she Lter. For 
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instance, Paeonia potanini Komarov {Plate 3 :1) and Trollius europeus L. 
(Fig. 9:2) are used by many small insects as shelter. 

The remarkable tendency for haplomorphic flower types to resolve 
their hemispheric shape into a radiate actinomorphic pattern has been a 
common trend in the archaiC' flowers of the Bennettitales and Cycadeo
ideae, as is shown in the pfileontological records of these plants {Leppik 
l 960b, l 963a}. A similar trend was exhibited in the floral differentiation 
of the Lower Ranunculaceae and is furthermore demonstrated in numer
ous special cases among the present-day angiosperms. Consequently, a 
progressive haplomorphic type tends to develop into an actinomorphic 
form, if visited by progressive pollinators, or to stay unchanged if pol
linated by unskilled insects. Examples of both cases are numerous. In 
the successive development of the peony flowers, for instance, all inter
mediate stages can be observed, from a strictly haplomorphic type to a 
perfectly actinomorphic pattern, frequently exposed in the same flower 
during its ontogenetic development (Plate 3:1-2). 

It is appropriate to mention here that the corresponding human judg
ment upon form and symmetry is relatively Less conditioned to floral 
patterns thanare the inherited senses of many hymenopterous pollinators. 
To the humen eye, for instance, primitive haplomorphic forms appear 
more pleasing than are the higher actinomorphic and pleombrphic pat
terns. Still more strange and remote to us are the intimate structures 
of stereomorphic and zygomorphic flower types in the highest evolution
ary Level. Hence it appears that most man-bred garden peonies, asters, 
daisies, marigolds, and roses are actually regressive trends from some 
more advanced wild species (see Leppik, l 96lb). 

In nature, such regressive trends in floral evolution appear as a 
consequence of an exchange of pollinators having Less developed senses 
than those of the previous insect visitors . In the actinomorphic genus 
Trollius, for instance, some species, such as ..'.!:. europaeus L. and ..'.!:. 
sibiricus Ledeb. have fully restored their archaic haplomorphic shape 
and form, as a consequence of their Less evolved visitors. Large yellow 
haplomorphic flowers (Fig. 9:1) of these species remain closed to bees 
and butterflies, but are accessible to small flies that crawl inside be
tween carpels and stamens (Fig. 9:2). Small insects prefer to stay in .. 
side of haplomorphic flowers where they are protected against rain and 
wind. During mating season these flies are carrying pollen from flower 
to flower, selecting for this purpose yellow haplomorphic blossoms of 
their food plants. 

According to Hagerup (1959, p. 231), '!'._. europaeus L. is pollinated 
by a Little black fly, Chiastochaeta trollii Zet., which eats pollen and 
Lays eggs on the carpels. Larvae eat some seed which are produced 
abundantly after successive cross fertilization performed by these flies. 
This fly is common wherever ..'.!:. europaeus grows, from northern Scan
dinavia to Italy. _ The plant has been introduced into North America, 
where it does not set seed because of the absence of the above-mentioned 
fly. Yet some other plants, such as Magnolia and Nymphaea, have pre
served their haplomorphic flower types as Long as 100 million years. 

In the sensory development of insects that already are familiar with 
the baplomorphic flowers, only a short evolutionary step is necessary 
to reach the abi~it_y _to di_stinguisJ:i ~nd :e.zn~z:i?_~l:'. _ '3:~ ac;~i?lomorphic floral 
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Figure 9. Trollius europaeus L. 1. Flower. 2. Cross section through 
the flower with a Little black fly, Chiastochaeta trollii Zett. 
3. Petal with nectar secreted on the upper surface . 4. Fruits. 
5. A Larva (black} digging inside of a fruit. 6. Eggs are fastened 
to the young carpel. 7. Damaged ovary, 8. Larva. 9. An egg 
fastened to the young carpel. (According to Hagerup and Petersson, 
1959; courtesy of Munksgaard Company, Copenhagen.} 

pattern . This seems to be the general progressive trend in the sensory 
evolution of numerous anthophilous insects. Nevertheless, many Less
developed insects do not have the necessary ability in their sensory 
development and, consequently, cannot exercise any selection for pro
gressive evolution in the actinomorphic Level and above. These i nsects 
either disregard possible mutations with new characteristics or cross 
them occasionally with the other varieties until the new sympt oms dis
appear again. 

·Progression of Pleomorphism in the Ranunculaceae (Fig. 10) 

Because of the continuous phylogenetic splitting and taxonomic parti
tion among the early Ranunculaceae, new floral characteristics and fur
ther differentiation of existing types were required for the guidance of 
pollinators to the proper plants. One merely needs t'o consider the un
usual diversity and concealment of nectaries among the Ranunculaceae 
to realize the importance of distinctive floral characteristics for the 
nectar-seeking pollinators. Conversely, haplomorphic and actinomorphic 
types alone, in spite of their additional variation in size, color, and odor, 
were no longer adequate for the distinction of continuously increasing 
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number of species among the fast-evolving Ranunculaceae. These pre
dominantly herbaceous plants expanded rapidly on the vast areas of the 
northern hemisphere, providing additional food for the quickly spreading 
population of hymenopterous and Lepidopterous pollinators. Particularly 
the newly emerged aculeate insects, with their higher sensory system 
capable of further progression, must have responded to this new chal
lenge, for they soon became dominant pollinators among the modern 
Ranunculaceae. 

On the other hand, new gene combinations in a progressive and ex
panding group, such as the early Ranunculaceae, must necessarily have 
produced considerab Le variation in the existing haplomorphic and actino
morphic flower types. The splitting of a polymerous actinomorphic type 
into several subtypes with definite number of petals, i.e. the progres
sion of pleomorphism, must have been, therefore, one of the most Logical 
intermediate stages and connecting Links in the floral evolution. There
after, further progress of pleomorphism obviously has depended on the 
choice of pollinating insects, according to which forms of numerous pat
terns they could easily remember and select for their successive visits. 

In these circumstances, the appearance of aculeate insects among 
pollinators (early bees, wasps, and bumblebees might have been among 
them) might have caused the turning point in the floral evolution of the 
Ranunculaceae. In their incessant search for better food plants, these 
insects must have noticed the distinctive effect of trime rous, pentamer
ous, and polymerous flowers, particularly when these characteristics 
were associated with food qua Lity and quantity, as they actually are. 

Admittedly, the gradual conditioning of the sensory abilities of insects 
to the recognition of pleomorphic patterns in flowers was just another 
progressive step in the evolution of their senses for form and symmetry. 
Yet, to these newly acquired abilities of insects is owed a new and most 
peculiar trend in floral evolution, name Ly, the differentiation of numeral 
patterns in flowers, which serve as "iconic numerals" for food-search
ing insects, 11 as pictu:red in Plates 5-15. 

The System of "Iconic Numerals" of Insects 

Numerical patterns in flowers help nectar-seeking insects to recog
nize and remember their food plants, and also these patterns frequently 
are valuable distinctive characteristics for taxonomists in species iden
tification. Regular forms of tri-, tetra-, penta-, hexa-, octo-, and poly
merous symmetry make flowers Look clearly different, even when they 
have the same color and size (Fig. 10). Field observations show that 
most groups of specialized pollinators, such as honeybees, wild bees, 
bumblebees, butterflies, and some flies are capable not only of distin
guishing such numerical patterns in flowers, but also of using them fre
quently for identification of their food plants. Training experiments with 

11 
Iconic numerals (or figure numerals) are the numeral patterns of bi-, 

tri-, tetra-, penta-, hexa-, deca-, and polymerous flowers that enable 
bees, bumblebees, and other skilled pollinators to Locate flowers with 
concealed nectar deposits (Leppik, l 956a). 
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Figure 10. Symbols of "iconic numerals" in flowers. They are dis
tinguishable from one another according to form and summetry 
(according to Leppik, 1953b, 1958). 
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marked bees and tropical butterflies confirmed these observations (Lep
pik, 1956a, 1956b, 1958). 

A further peculiarity of these numerical combinations of flowers is 
that they are arranged in symmetrical figures, as pictured in Fig. 10, 
and are called, therefore, "Iconic numerals," (also "figure numerals" 
in previous papers) to distinguish them from ordinary numbers (Leppik, 
1958). Such simple patterns can easily be distinguished from one an
other and memorized mechanically, without the ability to count or cal
culate, even by organisms with a very low level of intelligence, such as 
insects. No wonder, therefore, that most nectar-seeking insects are 
conditioned to these numerical patterns in flowers, memorizing them as 
definite characteristics of their food plants. (Compare Plates 9-15.) 

Origin and Development of Pleomorphism in Flowers 

Question may be raised as to how the first numerical pattern appeared 
in flowers, and why it was attractive to food-searching insects. As far 
as the Ranunculaceae are concerned, the question seems to be not quite 
unanswerable. In this family, the cyclic tendencies prevail in flowers, 
accompanied by meristic variation of flower parts (see preceding dis
cussion). Salisbury (1919) showed that trimery is a primitive condition 
in the ranalian plexus and that pentamerous whorls in highly specialized 
zygomorphic flowers are derived from trimerous orders. In the highly 
consistent pentamerous flowers of Aquilegia, Tepfer (1953) found still a 
considerable variation in the number of whorls. The differences appeared 
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to be caused by genetic factors which produce new combinations and 
variations. 

Thus genetically produced variation in the number of flower parts has 
a selective value for pollinators as guiding marks for their food plants. 
Whatever the true morphological origin of every numerical pattern in 
every special case may be, they all serve the same purpose for pollina
tors, indicating certain nectar conditions in flowers. Accordingly num
eral pa_tterns in flowers present a highly serviceable system for pollina
ting insects to distinguish their food plants. 

According to fossil imprints of flowers, frequently Left in sand, mud, 
or amber, numerical patterns can be traced back until early Tertiary. 
Later on, in the middle of the Tertiary period, these marks reached the 
greatest expansion among angiosperms in the northern hemisphere (Lep
pik, 1964). This must have been the time when the higher pollinating 
insects acquired the ability to distinguish iconic numerals. In sti LL higher 
evolutionary Levels, however, the numerical patterns are streamlined 
into zygomorphic structures and thus disappear again from floral pic
tures (Fig. 1). 

Differentiation of Numerical Patterns in the Ranunculaceae 

There are numerous observable trends and intermediate stages among 
the Living Ranunculaceae that rep re sent the gradual differentiation of the 
numerical patterns from some preceding actinomorphic type. This is 
actually a simple process of reduction in perianth Leaves, which is a 
common phenomenon in evolution of the Ranunculaceae and other angio
sperms. Among the Ranunculaceae, this sequence of reduction is re
peated in genus after genus throughout the family, frequently even among 
species of the same genus. This sequence conforms to the general trend 
of floral evolution and is recapitulated again and again in nume _rous fam
ilies of higher angiosperms. As a matter of fact, numerical patterns 
occur not only in the Ranunculaceae, where they are fairly well estab
lished, but are common even among pseudanthial families, such as the 
Compositae and Euphorbiaceae. 

In the Ranunculaceae, the differentiation of numerical patterns takes 
place as a parallel development in most genera that have reached the 
pleomorphic Level in their evolution (Figs. l, 13). The process goes hand 
in hand with the formation of concealed nectaries. In the Lower Levels, 
haplomorphic and actinomorphic types are pollen flowers, or in some 
cases they secret nectar from inner flower parts. Sometimes such 
primitive plants may possess elementary "ringnectaries" (Werth, 1941), 
as in the genus Paeonia. Similarly, other haplomorphic genera, such as 
Magnolia, Calycanthus, Podophyllum, Nymphaea, Victoria, Adonis, .and 
Anemone (partly), are typical pollen plants with occasional stigmatic or 
staminal secretion of nectar or with food hairs (Die ls, 1916}. Pollination 
of these plants is carried by beetles, one of the mo st ancient and primi
tive group of plant pollinators still a Live. Concealed nectaries are not 
known in these plants. Thalictrum, however, is a pollen plant that has 
reduced its numerical patterns in flowers. 

In the oligomorphic Hepatica triloba Chaix. and H. americana B. & B. 
Rydb. the number of petals varies from 5 to 12, with 6 occurring in the 



Table 3. Variation in the number of petals {semaphylls) in pleomorphic flowers. (Total number of analyzed 
flowers is 1000 in every species.) See Fig.12. 

Number of Eetals {semaEhyUs) 
SEecies 3 4 5 6 7 8 9 10 11 12 

1. Clematis verticillaris DC. 16 903 81 
2. Anemone canadensis L. 54 942 3 1 
3. IsoEyrum biternatum (Raf.) T & G. 134 734 106 27 

4. Eranthis hiema Lis (L.) Salisb. 10 826 110 50 3 
5. Hepatica americana (B. & B .) Rydb. 3 714 198 58 9 12 4 2 
6. Anemonella thalictroides (L.) Spach. 16 328 356 224 72 4 

7. Ranunculus bulbosus L. 10 425 250 ill JOO 75 0 15 
8. Anemone jaEonica Sieb, & Zucc. 56 821 105 18 
9. Ficaria verna Huds. 4 18 118 206 514 88 36 14 ------

Table 4. Variation in the number of petals (semaphylls) in actinomorphic flowers. (Total number of analyzed 
flowers is 1000 in every species.) See Fig.12. 

Number of Eetals {semaEhyLLs} 
SEecies 10 11 12 13 14 15 16 17 18 19 20 

10. Anemona aEennina L, 38 82 115 255 137 283 52 28 10 
11. Adonis vernalis L. 9 21 108 122 140 180 159 143 68 40 10 
12. Anemone caroliniana Walt. 5 16 67 73 86 110 165 210 151 76 41 
13. Anemone decaEetala Ard. 10 81 39 74 216 282 158 83 37 30 

w 
w 



34 E.E. LEPPIK 

greatest number of flowers (Tables 3, 4; Fig. 12). There is no observ
able tendency for differentiation of a certain numerical pattern. Since 
this species is a pollen plant, its numerical pattern would not have any 
particular value for visitors. This plant blooms in early spring, being 
almost alone in its habitat, without serious competition at that time of 
the year. It is visited mainly. by pollen- seeking Apidae and Syrphidae, 
which need pollen at that time of the year, and seemingly have no reason 
to pick up any particular numerical pattern from those flowers. In these 
circumstances the plant may long remain in an intermediate stage be
tween actinomorphic and pleomorphic evolutionary Levels, in spite of 
its more advanced genetic systems that already have reached the next 
higher Level in their evolution. 

Exposed or partly exposed nectaries in Ranunculus, Batra chium, 
Myosurus, Caltha, Eranthis, Isopyrum and Cimicifuga are marked with 
pentamery, tetramery, or hexamery. Completely concealed nectaries 
of Pulsatilla, Troltius, Helleborus, Atragene, and Nigella are indicated 
by pentamery or by zygomorphy by Delphinium and Aconitum. 

It is, therefore, a great advantage to progressive pollinators to be 
able to recognize and remember the numerical patterns, that guide them 
to rich nectar supplies which are inaccessible to less skilled insects. In 
mastering the system of iconic numerals, skilled pollinators can easily 
distinguish plants with nectar containers from those that carry pollen, 
thus knowing in advance what they want and how to get it. 

Numerical Pattern in Pseudanthial Flowers 

Some patterns in flower heads of the Compositae are so similar to 
ranalian patterns that it is often difficult to distinguish one from another. 
Good (1956, p. 322, fig.161-162) called attention to the striking similarity 
between the eight-rayed capitulum of Cosmos bipinnatus Cav. and the 
o ctomerous flower of Anemone japonica (Thunb.) Sieb. et Zucc., b oth 
common ornamentals {Plate 9). In spite of the fact that the American 
Cosmos and Japanese Anemone are unrelated genetically and inha bit 
distant countries, their capitula and flowers are similar in size, shape, 
and color (both have white and pink forms). Another example is the 
yellow 5-rayed head of Baltimora recta L., which resembles the flower 
of Ranunculus. Many other examples are cited in a previous report 
(Leppik, 1960a). Further examples se.e in Plates 1, 4-9, 11, 12. 

Until recently, the problem of recapitulation of flower types in unre
lated families was in a state of great confusion. Good (1956, p. 376), for 
instance, reviewing all proposed evolutionary theories, inc Luding the 
concepts of orthogene sis, convergency, and mimicry, could not find any 
reliable explanation for the fact that the most specialized Compositae 
have "adapted" the floral patterns of the most primitive Ranunculaceae. 
Further controversies among various authors are commented on and 
criticized by Pijl (1960-1961) in his recent compendium on floral evolu
tion. 

Recent ecologists, however, consider the repetition of flower types 
in various phylogenetic groups as an ecological convergence, resulting 
from the selective activity of food-searching pollinators (Leppik, l 960a; 
Pijl, 1960, p. 404). After all, it seems natural that the cantharophilous 
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characteristics appear in all plant groups pollinated Dy beetles; meli
tophilous, in those pollinated by bees; ornithophilous, in bird-pollinated 
flowers, and so on. 

Stereomorphism 

On the pleomorphic Level a new trend soon became apparent that 
caused a further important evolutionary change both in ranalian flowers 
and in the sensory development of pollinating insects. Concealment of 
nectar supplies in deep tubular cups must have excluded short-tongued 
insects from the process of pollination whi Le favoring Long-tongued visi
tors. Such segregation among pollinators evidently stimulated proboscis 
development, and gradually Long-tongued groups appeared among butter
flies, bees, moths, and flies. But this specialization among pollinators 
Likewise must have favored the development of stereomorphic flowers, 
which thereafter beGame we LL established an~ widely distributed among 
the Ranunculaceae. 

Here again we have a good example of mutual interrelationship be
tween insects and plants, both being reciprocal selective factors in evo
lution. Obviously the stereomorphic evolutionary trend was even more 
effective than the application of numerical patterns on the pleomorphic 
Level. As a matter of fact, stereomorphic types evolve further into 
zygomorphic types, whereas the numerical patterns disappear in higher 
evolutionary Levels. (Compare Plates 15, 16, and 17.) 

Zygomorphism 

The first truly zygomorphic flower in the Ranunculaceae is in Aconi
tum, with Aquilegia and Delphinium being stereomorphic predecessors 
to the zygomorphism. The evolutionary status of these genera, therefo:r;e, 
has much interest in itself and is of particular significance because it 
marks the beginning of a new zygomorphic trend in the evolution of 
flower types, and a new stage in the sensory development of pollinating 
insects. At that stage of development, several progressive groups of 
insect pollinators must have adapted themselves to an entire Ly new situ
ation in flowers. In zygomorphic types, nectar is not offered openly any 
more, as it is in the earlier actinomorphic and pleomorphic flowers, but 
is hidden in some remote corner of the "floral parlor." 12 Although the 
monkshood flower is open to all insects, not all visitors in the parlor 
can Locate and reach the nectar deposits hidden in coiled nectaries. In 
flowers having still higher Leve Ls of zygomorphism, such as snapdragons, 
floral parlors remain closed to most visitors, and are accessible only 
to special pollinators that are capable of opening the entrance to the 
parlor. (See the bumblebee entering into "parlor" in Plate 19.) 

This new situation, having a definite advantage for both partners, 
must have stimulated further specialization. The effort of specialized 

12 "Parlor" is a "reception room" for floral visitors in a zygomorphic 
flower. It has a Landing place, entrance, guiding signs to nectar deposits 
and other accommodations for welcomed customers. But it is frequently 
closed for unwanted visitors. (See Plates 18, 19.) 
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pollinators to search for and Locate the hidden nectaries is rewarded by 
full cups of concentrated nectar, untouched by other visitors. Similar Ly, 
plants with specialized flowers have the advantage of having their pollen 
carried by skilled pollinators to the same plant type, which is not always 
so in the case of unskilled visitors. 

Many higher groups of pollinators, such as bees, butterflies, and 
some flies, progressed enormously in their sensory abilities to distin
guish more and more complicated flower types. Other insects, on the 
contrary, remained in their archaic Level of sensory capabilities. Bee
tles, for instance, although at one time most important flower "breed
ers, 11 never have Learned to operate the modern pollination systems in 
zygomorphic flowers, such as in the Orchidaceae (Plate 24). 

It is appropriate to mention here that the Aconitum flower is a rather 
elementary structure among higher zygomorphic flower types such as 
snapdragons, beardtongues, foxgloves, and others. There are neither 
variegated colors nor visual nectar guides in the Ranunculaceae. Lex 
(1954) and Aufse ss (1960) found no visual nectar guides among the Ranun
culaceae, but more intensive odors in the central parts of flowers in 
some species. Ranunculus acer L., however, radiates from the central 
part of the flower ultraviolet rays, to which the insect eye is sensitive. 

In these circumstances, it would be highly desirable to establish the 
first appearance and successive development of the monkshood type and 
to find the place of this important event in the geological time table. 
Direct approach to the problem is hindered because of an almost com
plete absence of paleontological records about the early Ranuncu Laceae. 
Nevertheless, some reasonable guesses about the age of Aconitum can 
be made from the present-day geographical distribution of this genus. 
Kronfeld (1890), Huth (1895), Rapaics (1908-1910), Diels (1916), and 
Wilde (1931) consider the genera Aquilegia, De Lphinium, and Aconitum 
to be of Tertiary age. Their circumpolar distribution must already have 
been completed before the Pleistocene glaciations. During the ice age, 
however, the original area was repeatedly interrupted and the plants 
driven southward until they finally reached their present-day distribution 
in Asia, Europe, North Africa, and North America. 

There is no trace of the above-mentioned genera in Australian, South 
African, Antarctic, and other Gondwana floras, which are considered 
older than the northern Arcto-Tertiary flora. Yet in the Ranunculaceae, 
several older genera with actinomorphic flowers, such as Ranunculus, 
Anemone, Ca Ltha, Clematis, Batrachium, and Myo surus, have reached 
an almost cosmopolitan spread. 

One can assume, therefore, that the zygomorphic types began to dif
ferentiate from their stereomorphic predecessors sometime in the early 
Tertiary period and that they became well established in the Ranuncula
ceae before the beginning of Pleistocene glaciations. Persistent selec
tive agents for the development of monkshood type obviously have been 
the Apideae, possibly the ancestors of present-day bumblebees. The 
pre sent-day area of distribution of the genus Aconitum matches we LL the 
distribution of bumblebees except in South America (Fig. 14). Gradual 

differentiation of zygomorphic types from pleomorphic pattern is demon
strated on Cymbidium and Epidendrum flowers in Plate 24. 
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NECTAR-PRESENTATION MECHANISMS IN THE 
RANUNCULACEAE {Fig. 11) 
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In the Ranunculaceae, the mechanisms involved in the presentation of 
nectar to insect visitors are as varied as are the devices that produce 
the sugary fluid. They have been studied by several inve stigators and 
are described by Spreng et {l 793, 1811 ), MULter (1883), Kronfeld (1890), 
Knuth (1908), Brown (19 38), Werth (1941 ), Janchen (1949), Leinfe llner 
(1958), and others. 
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Figure 11. Evolution of nectar-leaves in the Ranuncutaceae. Open 
nectaries of haptomorphic and actinomorphic flowers: 1. Cattha, 
nectar droplets secreted by the carpets; 2. Ring-nectaries of 
Paeonia; 3. Putsatitta, vestigial stamens secrete nectar. Cup
nectaries of pteomorphic flowers: 4- 7 Ranuncutus, 8-10 Isopyrum. 
Spur-nectaries of stereomorphic flowers: 11. Concealed nectaries 
of Nigelta; 12. Spur of Delphinium; 13. Spurs of ~ilegia. 
14-18. Development of coiled nectaries in Aconitum. 
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In primitive flowers, sugary fluid as a Low-grade nectar may be 
secreted from almost any floral organ and accumulates mainly in the 
base of flowers as in C4imonanthus, Asimina and other genera. Paeonia 
has primitive "ringnectaries" in the flower base and in addition secretes 
sugary fluid from the sepals. Stamens are the source of nectar in PuL
satiLLa; filaments, in Atragene; carpels, in Caltha. Usually petal-Like 
staminodes bear nectaries at their base (Ranunculus, Batrachium, 
Myosurus), at their middle part (Trollius), or at coiled tips (Aquilegia, 
Delphinium, Aconitum). However, many pollen-producing Ranunculaceae 
secrete no nectar at all (Clematis, Thalictrum, Anemone, Hepatica, 
Adonis and Actaea) and are visited by pollen-devouring or poLLen
coLLecting insects. 

These dissimilar structures, arisen from different floral organs, 
have to fulfil the same function of nectar presentation. Some investiga
tors (Prantl, 1888; Troll, 1928, p. 94) called these structures "honey
leaves" (meliphylls), or "nectar-leaves" (more recent term), which are 
more functional terms than morphological concepts (compare the terms: 
sporophyLLs, semaphylls, meliphylls in the section "Definitions and 
Terminology"). 

In a general way, differentiation of nectaries goes hand in hand with 
floral evolution, both processes controlled by the tropheclectic activity 
of progressively evolving contemporary pollinators. Every Level in 
floral evolution is consequently characterized by a certain stage of dif
ferentiation of the nectar-presentation mechanism, all coordinated with 
the successive development of the pollinators of these flowers (Fig.11). 
Nigella is anexception(Brand, 1894-1895). In this genus thepleomorphic 
flowers are accompanied by extremely complicated nectar devices, with 
a special mechanism for closing and opening, and provided by perfect 
nectar guides. The Nigella type was described first by Spreng el (1 793) 
as one of his most significant discoveries. In other genera such ad
vanced nectar-presentation devices are associated with zygomorphic 
floral structures. 

It is remarkable that the nectar-Leaves described above occur only 
in the Ranunculaceae, where they appear first in the pleomorphic Level 
and continue their differentiation in stereomorphic level. ALL known 
nectar-presentation devices of other angiosperms are, according to 
Brown (1938) and Fahn (1953), considerably different in their structure 
and of different origin. This indicates that concealed nectaries have 
arisen simultaneously in many higher angiosperms at a younger geo
logical time (probably in the Tertiary period), when some groups of 
pollinating insects had reached a corresponding Level in their sensory 
development, being able to locate and exploit hidden deposits of food. 

Secretion of Unconcealed Nectar 

In lower evolutionary Levels, the · haplomorphic and actinomorphic 
flower types do not possess any protected nectaries. In these flowers, 
the easily accessible sugary fluid, if any, attracts all kinds of visitors 
interested in sweetenings regardless of whether or not they act as polli
nators. These visitors creep in various ways and behave differently, 
frequently accomplishing only self-fertilization or leaving the flower 
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unfertilized. These unskilled visitors do not look for the same flower 
type they left, but tend to sit on any flower they see first. Such pollina
tors are wasting precious genetic material, often carrying their pollen 
Loads to wrong places. Under these circumstances, unskilled insects 
can have only s Light significance as se Lective agents in floral evolution, 
and such flowers tend to remain Long unchanged. Their main effort is to 
attract as many visitors as possible advertising themselves by simple 
colors or Large size, by assembling small flowers into inflorescences 
(many Umbelliflorae and Compositae), or by imprisoning their visitors 
inside flowers. 

Formation of Concealed Nectaries 

Apparently, such an insecure situation in pollination could not last 
very Long in such a phylogenetically progressive family as the Ranuncu
Laceae and specialization of nectaries became indispensable for the 
further evolution of this family in the next pleomorphic Level. Actually, 
the formation and differentiation of protected nectaries simultaneously 
in several phylogenetic groups is a most natural phase of floral evolu
tion that has its elementary beginning and all intermediate steps in the 
Ranunculaceae. Analogous trends in the evolution of nectaries are de
scribed by Brown (1938) in many other angiospermous families. 

Comparison of the structure and development of nectaries in the 
Ranunculaceae shows a gradual transition from the open nectaries to 
simple nectar-pits and -cups, and from these to the complex nectar 
presentation apparatus in higher Levels (Fig. 11). Simple nectar-pits at 
the base of each petal of Ranunculus sceleratus L. and R. auricomus L. 
are converted to protected cups in ~· glacialis L. (Fig. 11: 4- 7). In 
Isopyrum and Helleborus the expanded Limb of nectariferous petal has 
completely disappeared so that an ordinary nectar -cup is formed from 
the petal (Fig. 11: 8-10). In Trollius the nectariferous petal is much 
reduced forming an elongated nectar-groove above its base (Fig. 9:3) .. A 
further progressive step in the evolution of nectar-Leaves is obs::e"!W'ai:il.le 
in the genera Delphinium and ~quil~~ (Fig. 11:12,13). Here the nectar
Leaves are converted to Long spurs, provided with round and curved tips, 
the actual nectar depositories. Spurs not only serve to secrete and con
ceal nectar, but also attract visitors, being therefore brightly colored. 

In the highest evolutionary Level of zygomorphic flowers of Aconitum 
nectaries are completely concealed in remotest parts of the flowers 
(Fig. 11 :14-18). However, the most remarkable nectary of Nigel la (Fig. 
11 :11) is not connected by any intermediate Link with other evolutionary 
trends. 

Primitive pits and cups at the base of each petal of Paeonia, Pulsa
tilla, Caltha, Ranunculus, Batrachium, and others are of such elemen
tary structure that they could be easily formed on any floral organ al
ready possessing nectar glands. But even in these primitive pits and 
cups, the more concentrated nectar is satisfactorily protected against 
rain and evaporation, thus providing food of better quality to skilled 
visitors able to Locate these food deposits inside of flowers. Such dis
tinstive ability to remember and recognize nectariferous plants accord
int to some floral characteristics is actually attributed to hymenopterous 
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and Lepidopterous pollinators, which a re the main visitors of the higher 
Ranunculaceae in the pleomorphic Level and above. Concealed nectaries 
first appeare d on the pleomorphic evolutionary Level, where the archaic 
actinom orphic a nd haplomorphic types split, forming new distinguishable 
combinations, of form and summetry. Reduction of multipetaloid actino
morphic corollas to definite numerical patterns must have occurred 
contemporane ously with differentiation of nectar-leaves in these flowers, 
thus providing certain types of nectaries marked by definite numerical 
patterns . Examples of such differentiation of nectar-leaves in correla
tion with floral specialization are numerous among t.he Ranunculaceae 
and other angiosperms. 

Ample evidence is thus at hand that concealment of nectaries in the 
Ranunculaceae occurred first in the pleomorphic evolutionary level in 
close correlation with sensory development of their special visitors. 
These visitors progressively conditioned themselves to recognize and 
remember numeral patterns in association with hidden nectar deposits 
in flowers. Pentamerism, thereafter, became a symbol of deeply situ
ated but rich nectaries in Ranunculus, Batrachium, Helleborus, Myo
~· Nigella, and other genera; it became a favorite pattern for nectar 
Loving Apidae. Pentamexous flowers are predominant amoqg · pr.esent
day Ranunculaceae, occurring not only among pleomorphic flowers, but 
also in the stereomorphic and zygomorphic Levels, as in Aquilegia, Del
phinium and Aconitum, all well-defined bumblebee flowers. 

However, pentamerism is not always associated with the presence of 
necta n in,flo'W!e·r.s of · the ~anunculla:cea:e.. Anemone ranunculoides L., for 
instance, with five yellow petals, resembles the pentamerous, nectarif
erous flowers of the genus Ranunculus, but has no nectar. It is polli
nated by pollen-collecting insects, and visited also by Apidae, which are 
vai nly seeking nectar in these flowers {Knuth, 1908, p. 12), thus com
pleting pollination without reward. 

It is reasonable to assume that the above-described phylogenetic par
tition of earlier ranalian groups must have produced various -combiri.a.is = 
tions of numeral patterns, some with nectaries and some without, but all 
exposed to the selective activity of their contemporary pollinators. Such 
i s the common evolutionary trend among various species and genera of 
the present-day Ranunculaceae in the pleomorphic level. Anemone, 
Ranunculus, Caltha, Trollius, and other genera contain species with 
constant numbers (5, 6, 8) of petals and sepals {semaphylls), along with 
forms having an indefinite number of floral parts (Gertz, 1913; Losh, 
1916; Rauh and Reznik, 1951). In some species, such as Hepatica triloba 
Chaix., similar variation occurs in the sub specific level {Plate 13; Table 
3) . 

Similar variation also ut::curs in the .structure e.nd e~positioro.:trl nec
taries and nectar-leaves. In the genus Anemone, for instance, a variety
of numerical patterns and colors exist without nectar and nectar-leaves. 
In Ranunculus, on the contrary, numerical patterns always are asso
ciated with certain types of nectaries. Yet, every one of these combi
nations is clearly innately conditioned to these iconic numerals; i.e. the 
combination of basic numerals, colors, size, and frequently also odors 
in these flowers. 
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Figure 12. Variation in the number of petals (abscissa) of the flowers 
in the Ranunculaceae. Analyzed are 1000 flowers (in ordinate) 
from every species. Note that the pleomorphic flowers (1-9) have 
constant number of petals (or petaloid sepals) showing high, sharp 
peaks. Actinomorphic flowers (11-13), on the contrary, have in
definite number of petals and low peaks. Pictured are the follow
ing species: 1. Clematis verticillaris DC.; 2. Anemone canadensis 
_L.; 3_. Isopyrum biternatum (Raf.) T. and G.; 4. Eranthis hiemalis 
(L.) Salisb.; 5. Hepatica americana B.&B. Rydb.; 6. AnemoneLLa 
thalictroides (L.) Spach.; 7. Ranunculus· bulbosus L.; 8. Anemone 
japonica S. ; 9. Ficaria verna Huds.; 10. Anemone apennina L.; 
11. Adonis vernalis L.; 12. Anemone caroliniana Walt.; 13 . Ane
~ decapetala L. Numerical data may be seen in Tables 1 and 
2, explanation in text. A reduced scheme upper. right is a similar 
grouping of the flower heads of the Composi'ta'e for comparison 
(after Leppik, l 960a, p. 1 71). 

Conditioning of Insect-Visitors to Concealed Nectaries 

Available evidence indicates that, parallel to floral evolution, con
siderable progression and specialization of pollinating insects must have 
occurred during the development of concealed nectaries in the Ranuncu
laceae. From the miscellaneous visitors of haplomorphic and actino
morphic types more skilled insect groups gradually arose with Longer 
proboscides and more acute senses. These insects, being incessantly 
in search of better nectar sources, must have noted more rewarding 
concealed nectaries and must have memorized distinctive character
istics of these flowers. In addition to their well-established senses for 
color, odor, taste, form, and symmetry, a special sense for iconic 
numerals must have developed in visitors of pleomorphic flowers with 
concealed nectaries. Bees, bumblebees, moths, butterflies, and some 
droneflies are known to possess such sensory abilities and long enough 
proboscides to reach the concealed nectar. 
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CLASSIFICATION OF FLOWER TYPES IN THE 
RANUNCULACEAE {Figs. 1, 13) 

In view of the foregoing facts and findings, it is now possible to ar
range all existing flower types of the Ranunculaceae into a system of six 
typologically graded series or "type-classes, 1110 as follows: amorphic 
- haplomorphic- actinomorphic- pleomorphic- stereomorphic-zygo
morphic {Fig. l). This series of successive typological stages appears 
natural and corresponds with the main evolutionary sequence of flower 
types, as described elsewhere {Leppik, l 957b, p. 470, Fig. 2). The 
sequence obviously conforms to the main trend of sensory development 
of pollinating insects. 

An earlier system for typological classification of flowers was de
rived from a comparative hologenetic study of existing flower types in 
various geographic areas in the Old and New Wor Lds {Leppik, l 948a, b; 
1949a, b; 195la; 1952). Much stimulation for this work was obtained 
from a pamphlet by F. Merkenschlager {1940) about the "primitive" and 
"progressive" flower types and from his personal ideas and ~oncepts 
about "Altstilen" and "Neustilen" in flowers. After some modifications 
in earlier orders and several terminological improvements the present 
system of "type-classes" {Leppik, l 957a) in flowers was completed 
during an additional study of tropical flower types in Central America 
{Leppik, 1953b; 1954a; 1955a, b, c, d; 1956a, b; 1957a, b, c). Later on this 
system was used as a yardstick for the determination of the relative 
sensory capabilities of anthophilous insects and birds to distinguish and 
remember certain flower types. Exact tests were performed with honey
bees, bumblebees, wild bees, and tropical butterflies in Europe, in the 
United States, and in Central America. Results of this extensive study 
are but partly reported in various previous papers (Leppik, l 954a; l 955b, 
c; 1956a, b; 1958; 1960a, b ; 1963b}. 

I. Amorphic type-Class 

The most primitive amorphic type is not now known to exist among 
Living Ranunculaceae. This elementary type-class very Likely became 
extinct along with the early ancestors of this family. But it is not diffi
cult to reconstruct a hypothetical amorphic flower for the ancestral 
Ranunculaceae, as proposed in a previous report (Leppik, l 948a). Such 
primitive flowers must have had distinctive semaphylls {undifferentiated 
perianth), probab Ly arranged around many sporophylls without special 
symmetry, but distinctive from the vegetative Leaves {P00 A 00 G 00 ). 

II. Haplomorphic Type-Class 

Haplomorphic flower types in the Ranunculaceae are characterized 
by many distinctly colored Large semaphylls, frequently arranged in a 
semispheric pattern, as in Magnolia, Nymphaea, Nelumbo, Calycanthus, 
Paeonia (Fig. 9), and other primitive genera of the order Ranales. Showy 
parts (semaphylls) of these flowers are formed from morphological 
petals, petaloid sepals, bract, or modified staminodes. Colors are 
simple, frequently greenish, white, ye Llow, se Ldom pink or red, always 
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Figure 13. Floral evolution in the Ranunculaceae. Flower types (1-5) 
in Left column indicate the evolution of type-classes in historical 
sequence (haplomorphic through zygomorphic). B Lack columns in 
the middle show the actual coverage of corresponding type-classes 
of genera. Arrows point to the phylogenetic trends in the develop
ment of fruits (6-8). Dominant pollinators of every type class 
are pictured right. Numbers indicate: ·1. Magnolia; 2. ~; 
3. Ranunculus; 4. Aquilegia; 5. Aconitum. Fruits: 6. Magnolia; 
7. Ranuncu.Lus; 8. Aconitum. 
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distinctive from green leaves and yellow stamens, but never variegated 
in the same flower. 

Such Large flowers are readily distinguished by pollinators from a 
considerab Le distance and se Ldom are compiled into Loose inflorescences. 
They are accessible to practically all pollinators, but in recent floras 
are visited mainly by beetles, flies, and othe r insects whose instincts 
and sensory abilities do not reach higher than the corresponding simple 
stage of their sensory development. It is not difficult to guess that the 
visitors of haplomorphic flowers do not require the ability to distinguish 
radiate symmetry, numerical patterns, variegated colors, nectar guides, 
and many other special structures of the higher type-classes. 

Truly haplomorphic flower types are not found very frequently among 
the Ranunculaceae. Best represented is the primitiv·e genus Paeonia, 
but even in this genus there are marked trends toward actinomorphic 
and pleomorphic type-classes. The haplomorphic shape of flowers of 
Trollius is apparently a regressive trend in this otherwise advanced 
genus. (Fig. 9 .) 

Ranunculus Lyallii Hook£. which occurs in the high mountains of New 
Zealand has very Large magnoloid flowers, up to 5 inches in diameter 
consisting of 40 to 60 white petals (nectar-Leaves). This is a shrubby 
plant with primitive characteristics, possibly a relict from the earlier 
haplomorphic representatives of the Ranunculaceae. Another example is 

the genus Laccopetalum from Peru, described by Ulbrich (i906). 
Among related families, a well-differentiated haplomorphic flower 

type in the genus Magnolia can be traced back according to fossil records 
to the early Cretaceous period, roughly estimated 100 million years ago 
(Leppik, 196 3a, b). 

III. Actinomorphic Type-Class 

Actinomorphic floral patterns can be derived fromHaplomorphic types 
by flattening the sporophylls, semaphylls, and nectaries into the same 
level. The effect of such radiate flowers is still heightened by Long and 
narrow petals and by color contrast between peripheral (white petals) 
and central parts (yellow stamens) of the flowers. 

This type, which had its early beginning in the archaic Cycadophyta, 
was common . among mesozoic B ennettitales (Leppik, 1960, 1963a,b). 
Its floral pattern resembles the radiate symmetry of cycad leaves and 
very Likely has been deeply engraved into the innate memory of early 
pollen-eating insects. These insects, predominantly beetles, presumably 
had to distinguish their food plants according to cycadeoid Leaf pattern 
from Less nutritive ferns and horsetails. It is no wonder, therefore, 
that the radiate floral pattern became common not only among the Ben
nettitales, but also in numerous cantharophilous angiosperms, as soon 
as these appeared on the scene. 

Actinomorphic flower types occur occasionally among Ranunculaceae. 
Anemone apennina L. (Plate 6), !::· caroliniana Walt., !::· blanda Sch. & 
Ky. (Plate 5), Adonis, Helleborus, and others have distinctly actino
morphic flowers. 
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IV. Pleomorphic Type-Class 

Pleomorphic flowers can be derived from actinomorphic types by re
ducing the polypetalous corolla to a certain numerical pattern, such as 
8, 6, 5, 4, and 3 or by alternating petals with sepals: 6+6, 5+5, 4+4, 
a n d 3+3. To distinguish such numerical patterns in flowers is beyond 
the ability of beetles, but the system can be well mastered by several 
groups of hymenopterous and Lepidopterous pollinators (Leppik, l 953c, 
1957c). Obviously, insects cannot distinguish numbers in flowers by 
counting or computing in the anthropomorphic sense of these words, but 
they can recognize at sight the octo-, hexa-, penta-, tetra-, tri-, and 
polymerous flowers as definite symmetrical patterns (Leppik, l 953b; 
1954a; 1955a, b, c; 1956a, b ; 1958). 

Pleomorphic flowers are very common among the Ranuncutaceae. 
Octomerous {Anemone japonica, Plate 9, above), hexamerous, tetram
erous, and most frequently pentamerous flowers occur sometimes in the 
same genera, as in Anemone, Ranunculus, Hetleborus, and others (Plate 
10, 11, 12, 13, 14). 

V. Stereomorphic Type-Class 

Stereomorphic flowers with protected nectar deposits are stretched 
toward a third dimension. Some pleomorphic (frequently pentame rous) 
pattern is displayed in the front of the flower; but stamens, pistil, and 
particularly nectar are hidden. Such structures require of the pottina
tors a particular ability to distinguish three-dimensional patterns in 
order to Locate the hidden nectar in the depth of he flower and a Long 
enough proboscis to reach it. 

That the stereomorphic types actually are evolved from pleomorphic 
patterns is convincingly demonstrated in the floral differentiation of the 
Ranunculaceae, with aLL intermediate stages between these two types. In 
the genus Aquileg'ia, for instance, some primitive Asiatic species, such 
as !f::. ecalcarata Maxim., still bear regular pentamerous corolla without 
spurs or other signs of stereomorphism. Most advanced species, on the 
contrary, can easily be arranged in a progressive sequence according to 
the development of spurs (Plate 15, 16). A remarkably elementary type 
of stereomorphism is represented in the slightly spurred pentamerous 
flowers of Myosurus. 

Stereomorphic types are common among tubulate flowers whose cor
ollas are stretched into Long nectar-holding channels. Yet, the flowers 
of the Ranuncutaceae are choripetalous in their morphological structure, 
without storage space for nectar in corollas. It became necessary, 
therefo re , for the stereomorphic genera Aquilegia and Delphinium to 
form special tubular or saclike projections or "spurs" on petals for ac
cumulation of nectar (Plate 15, 16). The spur develops secondarily here 
as a down-growth of the central part of a petal primordium which was 
originally flat (Tepfer, 1953, p. 551). Thus, stereomorphic flowers have 
evolved parattel in many phylogeneticatty distinct plant groups in an 
adaptive response to the selective activity of pollinating insects. Such 
floral structures could not evolve before the .Pollinators reached the 
corresponding ability to orient in the three-dimensional space, starting 
thereafter to select flowers with Longer tubes and deeper nectar deposits. 
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Among the Ranunculaceae, the genera Myosurus, Aquilegia, and Del
phinium have stereomorphic flowers . Aquilegia is unique for its five 
spurs (Plate 16), one in every petal, thus resembling a compound flower. 
Delphinium(Plate 15)has a single spur in each flower, but shows a slight 
bilateralism in its corolla, thus being an intermediate stage between 
stereomorphic and zygomorphic type-classes. Similar spurs which have 
evolved from sepals in Tropaeolum (Tropaeolaceae), Impatiens (Balsa
minaceae) and Melianthus (Melianthaceae) and are described by Werth 
(1941). 

VI. Zygomorphic Type-Class 

Zygomorphic floral structures belong to the most complicated polli
nation systems, which require the highest sensory ability of pollinators. 
In these structures, all previous developments and achievements, such 
as pleomorphism, stereomorphism, bilateral syrnmeb::y, ~and, .not.=. .l!eii;9t, 
variegated colors and fine odors, are harmoniously combined in the same 
flower. Numerical patterns, however, are fully preserved but exquisitely 
streamlined into personate, Labiate, papilionaceous, or other three
dimensional corollas, in which the iconic numerals have Lost their true 
meaning and visual effect. For instance, it can be seen that the gamo
petalous corolla, of the Scrophylariaceae, Labiatae, Papilionaceae, and 
many other zygomorphic flowers are actually formed from five coalescent 
petals, but the number five has practically disappeared from the floral 
picture and does not help to distinguish this flower from trimerous or 
tetramerous corollas. 

In addition to all these characteristics, a high degree of specialization 
is introduced in the zygomorphic flower types, which makes them ac
cessible only to very restricted groups of pollinators, capable of Locating 
and reaching the hidden nectar deposits in these flowers. Consequently, 
the great mass of Less capable insects are excluded from the process of 
fertilization, and only the mo st specialized pollinators have access to 
zygomorphic Hower s . 

. Among the Ranunculaceae, only the genus Aconitum has truly zygo
morphic flowers. The morphological structure of these flowers is unique 
and highly specialized, revealing the Long evo Lutionary history of this 
genus. (Plate 18.) 

Numerous stamens and polymerous perianth of Aconitum (Fig. 13:5) 
clearly indicate an early haplomorphic structure, from which the present 
flower must have evolved through actinomorphic, pleomorphic, and 
stereomorphic stages. Eight reduced petals are the obvious remains 
from a previous actinomorphic corolla, which has Lost its sematactic 
function in the pre sent order. Five sepals point to a previous pentamer
ism, which Later became replaced by zygomorphic structure. In accord 
with the pre sent floral system, petals have Lost their original function as 
semaphylls and have degenerated, except two, which developed elongated 
spurs with nectar glands in the coiled tops. In this new arrangement, 
sepals took over the ecological function of degenerated petals by resem
bling colored pentamerous corolla, as in most members of the subfamily 
Helleboroideae. Thus, the final step in floral evolution of Aeonitum is 
zygomorphic, which completely changed the floral picture. 
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The genus Aconitum is a typical bombophilous plant, or "bumblebee
flower par excellence"-as Kronfeld (1890) expresses it (Fig.14). The 
size, color s, symmetry, suppressed nume rical patterns, and pollination 
mechanism of monkshood correspond to the special sensory traits and 
physical abilities of bumblebees. Large sepals of the monkshood are 
blue, violet, yellow, or hrightly mottled, and in conjunction with the 
smaller petals, serv e as semaphylls to attract pollinators. These colors 
are considered to be attractive to hymenopterous pollinators, particu
larly to bumblebees . Conspicuousness of single flowers is markedly 
increased by the aggregation of the flowers into racemes, which bear 
numerous blossoms. 

Figure 14. World distribution of bumblebees (solid Line) and the genus 
Aconitum (dotted Line) according to Kronfeld (1890). 

The two upper petals are converte d into Long-stalked hoodshaped 
nectaries, varying in size and structure in different species (see Fig. 11: 
14-18). The simplest form occurs in Aconitum heterophyllum Wall., 
native to East India, with a thick stalk, expanding into a cap open below 
with no spur. This species is considered by Rapaics (1907, 1908) to be 
one of the oldest relicts of central Asia where the presumably original 
area for the monkshood Lies. In!::_. palmatum Wall. the spur makes its 
first appearance as a slight projection (Fig. 11 :14). Further evolution of 
spur is marked by!::_. napellus L., with a somewhat Larger spur (Fig.11: 
15), !::. · anthora L. (Fig . 11 :16), !::.· septentrionale Kolle, with spur rolled 
inwards (Fig.11 :17), and !::.· lycoctonum L. with extended stalk about 
20 mm Long and inward rolled spur coiled into a spiral of q. turns (Fig. 
11:18). 

Further evolutionary correlation between monkshoods and burnb lebees 
is seen in the size of both partners. The body of a bumb Le bee exactly 
fills the interior of the floral parlor, so when Kronfeld (1890) made a 
plaster cast of a monkshood flower, it corresponded in a remarkable 
way to the shape of a medium-sized female bumblebee. 
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Since the seed production of the monkshood depends on pollination by 
bumblebees, this plant must become extinct in places where bumblebee 
visits fail. Therefore the area of distribution of the genus Aconitum is 
entirely included in that of the genus Bombus (Fig. 14). 

It is no wonder, therefore, that the more primitive flower types on 
the haplomorphic and actinomorphic Levels show all characteristics of 
cantharophily and myophily, whereas the upper Levels become progres
sively melittophilous. Such evolutionary sequence concurs adequately 
with the relative ability range of various groups of pollinating insects to 
distinguish flower types, as pictured in a previous report (Leppik, 195 7b, 
p. 473, Fig. 3). It also corresponds to the presumable sensory evolution 
of anthophilous insects. 

WINGED VISITORS OF THE RANUNCULACEAE 
(Fig. 15, Tab Le 5) 

The visitors and pollinators of the Ranunculaceae belong to all insect 
orders, but not all ranalian flowers are readily accessible to all these 
insects. Specialization of visitors to certain flower mechanisms has 
evolved hand in hand with the differentiation of flower types in a well
established sequence from the haplomorphic level up to the zygomorphic 
stage, as pictured in Figs. 1, 15. 

Haplomorphic and actinomorphic flowers are accessible to all insects 
but are visited mainly by beetles, flies, ants, and other unskilled polli
nators. These insects are satisfied by pollen, low-grade nectar secreted 
openly inside the flowers, or edible flower parts. Ants, for instance, 
lick the sugary juices on flower buds of Paeonia. These ants do not carry 
pollen, but their activity and secretion is believed to stimulate flower 
buds to open. 

Higher pollinators, such as butterflies, bees, and bumblebees seldom 
visit haplomorphic flowers except when these insects require pollen, or 
are short of food from higher types. Apidae are specialized to higher 
floral mechanicms and remain steadfast to zygomorphic, stereomorphic 
or pleomorphic types, as Long as they still can find food in these flowers. 
Muller {1883) established the continuous gradations from the insect 
groups that never visit flowers to those which seek secondary food from 
blossoms and finally to those which d~pend entirely on nectar. He be
lieved that these insects whose early ancestors did not visit flowers, 
gradually become habituated to a floral diet, correspondingly modifying 
their mouth parts and "Learning" to operate more and more complicated 
pollination mechanisms. Delpino 1 s (1868-1874) te Leo logical conception 
that certain flowers have been predestined for certain insects and vice 
~· consequently, is untenable. 

Coleoptera 

Beetles are the most numerous but least skilled pollinators of the 
Ranunculaceae. Their sensory abilities do not enable them to exploit 
hidden nectaries in higher flower types, which they occasionally visit. 
Sometimes beetles even do great damage to their fo~d plants by nibbling 
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ovaries and other flower parts. Nevertheless, beetle s'were greatly in
v olved in the evolution of haplomorphic and actinomorphic types, and 
remain even now the main pollinators of thes e classes {Fig. 15). 

The main characteristics of beetle -pollinated flowers (or inflores
censes) are Large haplomorphic or actinomorphic shape; open nectaries, 
if any; simple colors such as white, yellow, greenish, or pinkish; fre
quently strong odors. There are no nectar-guides, no depth effects, and 
no tendencies to bilateralism or zygomorphism in beetle-pollinated 
flowers. 

In spite of these clear distinctions, already well established since 
Delpino (1868-1874), there has been a Long dispute among anthoecologists 
about the true status of cantharophilous flowers. For instance, Jaeger's 
(1957, p. 394) viewpoint that there is no cantharophily at all is opposed 
by Pij L (1961, p. 44) in the statement that "the flower is fundamentally a 
b eet le -flower and many have remained so or have become so." Obvious
ly, both these authors ar e right, approaching the subject with different 
viewpoints. There are no specialized beetle-pollinated flowers, because 
these elementary types are accessible to and adapted for all pollinators, 
skilled or unskilled. But, historically, b eetles very Likely were so 
numerous and have been so fundam entally involve d in the evolution of 
primitive flowers that the main characteristics of these e Lementary types 
might be considere d to be cantharophilous. Actually, from these general 
structures, all specialized types can be derived successiv ely, as pic
tured in Fig. 1. Beetle pollination is fr equently discussed by classic and 
modern florecologists including Delpino (1868- 1874), Mtiller {1883), Die ls 
(1916), Pijl (1960-1961), and others. 

In addition to beetles, there were undoubtedly numerous other insects 
at work. Many recent representatives of old insect groups, such as 
Hemiptera, Neuroptera, Orthoptera, and Diptera, feeding on pollen, nec
tar, or soft flower parts, frequently act as pollen carriers. But these 
insects are actually on the same, or an even Lower Level, with beetles 
and, therefore, must have reacted to the flowers in a way similar to 
beetles. Their selective activity among flowers, if any, could not have 
been very significant. In a general way, the sensory development of 
anthophilous insects must have been much the same in its Lower Levels, 
having become more and more specialized in the upper stages. 

Hymenopte ra 

Among hymenopterous pollinators, b ees and bumblebees (Apidae) are 
undoubte dly the most skilled an<:l capable visitors of the Ranunculaceae. 
These insects obvious Ly have played the chief part in the evolution of 
flowers above the actinomorphic Level. Very Likely they were the first 
insect pollinators that developed the ability to distinguish numerical pat
terns in flowers, thus causing, by their selective activity, differentiation 
of iconic numerals in pleomorphic and stereomorphic Levels. In still 
higher Levels, the selective activity of bumblebees became so effective 
that a new zygomorphic trend evolved out of stereomorphic flowers. 

Bees and bumblebees are the best known plant pollinators, extensively 
studied by Maller (1883), Kronfeld (1890), Knuth (1908), Frisch (1914-
L954), Lovell (1918), Werth (1941 ), Kugler (1943-1955 ), Grant (1449-1952), 
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Ribbands (195 3), Vogel (1954), Kerr (1956), Nogueira-Neto (1948-1953), 
Jaeger (195 7), Lindauer and Kerr (1958), Pij L (1960-1961 ), Lindauer 
(1961), L~ken (1961 and other papers), Sprague (1962), Percival (1962), 
Faegri (1963), and many others. 

Lepidoptera 

Butterflies and moths, in their perfect state, restrict themse Lves al
most entirely to nectar as their food. This adaptation has reduced their 
mouth-organs into a Long, thin suctorial tube that can be inserted into 
deep nectaries. No wonder, therefore, that their special flowers have 
Long tubes or spurs, inaccessible to short-tongued insects. In the Ran
unculaceae, Lepidoptera, particularly the Sphingidae, can be observed 
most commonly sucking nectar from the Long-spurred Aquilegia and 
De Lphinium and occasionally from other genera. Yet, the evolutionary 
significance of Lepidoptera cannot be compared with that of beetles, bees 
or bumblebees. 

Flower Visitors Observed on the Ranunculaceae 

Extensive statistical data concerning the flower visitors of the Ranun
culaceae are furnished by many classic and modern anthoecologists, 
such as Delpino (1868-1875 ), Muller (1883), Kronfe Ld {1890), Ekstam 
{1895), Knuth {1908), Robertson (1928), Leppik {l 948a, 1958), L~ken 
{1961), and others. Unfortunately, this material is not uniform, con
taining mostly European or North American species, without much infor
mation about Asiatic, African and other tropical representatives of the 
family. 

In spite of this and other shortcomings of these data, they neverthe
less unanimously confirm the above proposed theory of the mutual inter
relationship between insects and flowers as reciprocal selective factors 
in evolution. The sequence of flora L evolution from the haplomorphic and 
actinomorphic type-classes up to the zygomorphic Leve L is also most 
convincingly demonstrated in the ability grades of insects to exploit the 
floral resources at different evolutionary Levels. 

Table 5 summarizes all available data from the Literature, including 
personal observations of the writer, arranged according to the above
described sequence of corresponding types. These data are pictured 
graphically in Fig. 15. Excluded from this List are occasional sojourners 
of flowers not involved in the process of pollination. Ants, for example, 
frequently crawl into open flowers and Lick the sugary fluids of plants 
without carrying pollen from flower to flower. Beetles and flies are 
effective pollinators of haplomorphic and radiate flower types and are 
frequently found she Ltering a Lso in Aconitum flowers. But in the Latter 
they are able neither to Locate the nectar nor to act as pollinators. 

The frequency of insect-visitors, registered by the above-mentioned 
investigators, on the present-day Ranunculaceae, is pictured in Fig. 15. 
Black columns indicate the approximate number of observed visitors in 
each type-class {II-VI), paralleled with the historical sequence of floral 
evolution at the Left. 

It appears from this sketch that the main builders of flower types in 



Table 5. Total number of visitors of the Ranunculaceae combined from all known sources and arranged 
according to historical sequence of type classes. See Fig. 15. 
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Figure 15. Frequency of insect-visitors registered on corresponding 
type-classes of the Ranunculaceae. B Lack columns indicate total 
number of v isitors observed on the flowers of corresponding type
class e s (see Table 5, explanation in text). Note the dominance of 
Coleoptera, Diptera, and Hymenoptera in the pollination of the 
Ranunculaceae. 

It appears from this sketch that the main builders of flower types in 
the present-day Ranunculaceae have very Likely always been Coleoptera, 
Diptera, and Hymenoptera. 

ALL othe r insects and birds are represented in such small number that 
their selective influence in floral evolution cannot be very significant. 
E x ceptions are a few sphingophilous- arid ornithophihous types of Aquilegia 
in the stereomorphic Level. Paleontological evidence indicates that both 
butterflie s and birds are Latecomers among plant pollinators, at a time 
when the floral evoluti on had r e ached the pleomorphic Level. 

BIOCHEMICAL EVOLUTION IN THE RANUNCULACEAE 

There is Little or no doubt that the selective activity of pollinators, 
causing a far-reaching morphological differentiation in flowers, must 
also produce a considerable biochemical change in plants exposed to this 
selection. More concentrated nectar, attractive colors, and intense odors 
in higher evoluti onary Levels indicate a progressive change in the meta
bolism of evolving plants . 
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But, unfortunately, no research results are yet available to correlate 
morphological differentiation with biochemical evolution in plants. Some 
preliminary investigations of Ullrich (1932), McNair (1934, 1935), and 
Gibbs (1945) show that some chemical and physical properties of fats, 
volatile oils, and alkaloids vary in accordance with the degree of evolu
tion of the plant families containing them. McNair found that gener -
ally, the more highly organized the- plant, the more complex are its 
chemical products and vice versa. Some general problems about color 
evolution in flowers are discussed by Weevers (1952), but no special 
re search has yet been done on the Ranunculaceae. 

GENERAL RETROSPECT 

The almost complete absence of early paleontological records in this 
predominantly herbaceous family is at Least partly compensated for by a 
well-preserved sequence of primitive morphological characteristics, 
preserved at the genus and species Levels in the Ranunculaceae. There 
are genera and species with primitive characteristics still Livingtside by 
side with more advanced or even highly specialized types, thus revealing 
an extensive evolutionary specialization throughout the family. In these 
circumstances, it is not difficult to restore the complete evolutionary 
sequence of flower types in the Ranunculaceae. 

Primitive Flower Types in the Ranunculaceae 

It is obvious now that the most e Lementary floral form among Living 
Ranunculaceae is the haplomorphic magnolioid type, as represented in 
the mo st primitive section Moutan of the genus Paeonia. Its main char
acteristics are the spiral arrangement of numerous floral parts arol,lnd 
a central axis, which progressively tend to become cyclic in the higher 
evolutionary Levels. Yet, this type class is also common among early 
angiosperms, such as the Magnoliaceae, Illiciaceae, Calycanthaceae, 
Nympheaceae, and other primitive flowering plants. Being associated 
with beetles and other primitive pollinators, this type-Class can be 
traced back, according to fossil records, until the early Cretaceous 
period, roughly estimated 100 million years ago (Leppik, l 960b, l 963a, b ). 

Further paleontological records indicate that haplomorphic flowers, 
reflecting the corresponding sensory Level of their contemporary polli
nators, were common throughout the Cretaceous period and in the begin
ning of the Tertiary period (Leppik, l 963b). Since Tertiary, however, 
they were gradually suppressed by advancing pleomorphic and stereo
morphic types; but, in spite of this competition they survived together 
with their primitive pollinators up to modern floras, where they still 
have a significant position. Similarly, beetles, flies, bugs, and other 
primitive pollinators, in spite of their restricted sensory abilities, sur
vived all competitions with specialized insects and are still important 
pollinators of primitive flower types. 

One can assume, therefore, that the ancestors of the pre sent-day 
Ranunculaceae (tree peonies possibly among them) already occurred, 
along with other primitive angiosperms, in the northern hemisphere 
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during the Cretaceous period. Their flowers must have been originally 
of haplomorphic form, the commonest type in the Cretaceous period, 
and their pollinators very Likely were beetles, flies, and wasps, whose 
fossils frequently are found in the same beds with early angiosperms. 

Flowers of haplomorphic type are accessible to all pollinators capable 
of recognizing these flowers from a distance. Present-day peonies, for 
instance, offer food and shelter to numerous insects, both big and small, 
including beetles, flies, fleas, ants, wasps, honeybees, bumblebees, 
and tiny thrips. 

Geographical distribut_ion of the recent Ranunculaceae shows that the 
genera bearing haplomorphic andactinomorphic flower types have almost 
a cosmopolitan spread, including some remains from the old Gondwana 
flora in the southern hemisphere. In contrast the genera with stereo
morphic and modern zygomorphic flowers, such as Aquilegia, Delphinium 
and Aconitum, Live today exclusively in arctic and temperate floras of 
the northern hemisphere (Fig.14). This fact indicates an evolutionary 
parallelism in the floral differentiation of the Ranunculaceae and the 
sensory development of A,Pidea"e, the main pollinators of stereomorphic 
and zygomorphic Ranunculaceae in the northern hemisphere. Obviously, 
the above-mentioned genera could also Live in appropriate climatic con
ditions in the southern hemisphere as their actinomorphic relatives do, 
where they would have the special pollinators for their reproduction. 

Differentiation of Numerical Patterns in Correlation 
with Development of Concealed Nectaries 

An important change in floral evolution was introduced on the pleo
morphic Level by reduction of polymerous flower types to some definite 
numerical pattern, . such as three , four, five, six, and eight, as most 
common numbers in flowers. Contemporaneously with this outside 
change, various types of nectaries began to develop in flowers. In con
cealed nectaries, food of better quality was offered to more skilled pol
linators capable of Locating hidden nectaries and possessing a proboscis 
Long enough to reach the nectar. 

Obviously, this was an important turning point in floral differentiation 
that permitted mutual specialization between flowers and their pollinators 
and vice~· From that point on, more progressive insect groups, 
including bees, butterflies, and some flies, concentrated more and more 
in their visits and selective activity upon their special food plants, thus 
becoming typophile (steadfast, "typenstett") to certain types during their 
successive flights. Thereafter, a rapid evolutionary expansion followed, 
not only in the Ranunculaceae, but also in other fast-progressing families 
of flowering plants. Fossil imprints indicate that pleomorphic flower 
types became dominant at the beginning of the Tertiary period, particu
larly during the expansion of herbaceous plants in grassland areas 
{Leppik, 196 3b). 

Ample evidence indicates that in the Ranunculaceae, nectaries arose 
independently in different phylogenetic groups and then underwent vari
ous modifications. This situation most convincingly demonstrates the 
close evolutionary relation between the differentiation of flower types 
and the se_ns~_!Y development of their pollinators, as described earlie.r .. 
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It also confirms the antiquity and basic position of the Ranunculaceae 
among other angiosperms. 

It is substantially certain now that the Ranunculaceae must have 
evolved at a time when some pollinating insects gradually began to change 
their feeding habit from pollen to concentrated nectar. There is some 
conclusive evidence that this change must have occurred in the end of 
the Cretaceous and the beginning of the Tertiary periods. 

Tropheclexis vs. Selection 

Although Little has been Learned directly about the internal sensory 
reaction in insects to the flower types, such information has accumulated 
indirectly through experimental analyses and direct observations of 
flower-visiting insects. The actual selective activity of pollinators, 
conducted by their food searching (tropheclectic)13 instincts, can now be 
better understood. 

Mfiller {1883, p. 593) assumed that "insects must operate by selection 
in the same way as do unscientific cultivators among men, who preserve 
the mo st pleasing o'r most useful specimens, and reject or neglect the 
others. In both cases, selection in course of time brings those varia
tions to perfection which correspond to the taste or needs of the selec
tive agent." This basically correct but physiologically over simplified 
explanation did not satisfy Later explorers, who set forth several anti
selectionistic theories (see Discussion). However, in the Light of recent 
study, a far better explanation can be offered. 

Contrary to Maller 1 s assumption, a fundamental difference exists 
between the conscious plant selection con,ducted by man and the food
searching activity of insects. Man can see the fruits, berries, or other 
plant organs in which he is interested; he can make his conclusions im
mediately after tasting. Insects, on the contrary, seldom can see their 
food as yellow pollen or glistening nectar droplets in the primitive flower 
~at a close distance. In all these cases where nectar is invisible 
insects must make their choice from a distance, seeing the flower as a 
whole. Pollinators must know in advance which flower types contain 
nectar of higher concentration and which flowers are Less rewarding. In 
this way insects can save much time and energy, which otherwise would 
be needed for examination of every sing Le flower in a foraging area. In 
the long run even a very slight saving of time and energy becomes in the 
aggregate of great importance for the survival of the species as a whole. 
Flowers with concealed nectaries can be chosen only according to type 
or some special floral characteristics visible from a distance. 

On the other hand, once a visitor has already Landed on a flower he 
possibly may complete pollination even when he does not find any food. 
Many flowers, like Anemone ranunculoides in the preceding discussion, 
attract visitors by stimulating their instincts without offering any reward. 

Accordingly, insects have to operate persistently with symbols, and 
rely on their instincts and senses in all these cases, while man uses 
his intelligence and makes his decision according to persona L taste and 

13 Tropheclexis is the food-searching activity of pollinators connected 
with ,selection of better food plants according to floral characteristics. 
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judgement. In the Long run, this situation has caused anthophilous in
sects to develop their particular sensory system for floral character
istics. In an incessant search for better nectar plants, "they must prefer 
some flowers and reject or neglect others," as Mtitler puts it. This 
tropheclectic activity of insects is most convincingly demonstrated in 
the historical sequence of floral development in the Ranunculaceae, as 
pictured in Fig. 1 3. 

Evolutionary Corr elation between Euanthial Flowers of the 
Ranunculaceae and' Ps e udanthiaL Flower Heads of the Compositae 

Composed of numerous pentamerous florets (flosculi), a flower head 
(capitulum) of the Compositae as a whole resembles in its shape a single 
flowers, rather than an ordinary inflorescence. Stitt more striking is 
the fact that these "pseudo -flowers" ("pseudanthia" versus "euanthia" 
according to Troll, 1928) frequently imitate the "true flowers" in the 
phylogeneticatly remote family of the Ranunculaceae. This apparent 
paradox of evolutionary conve rgency has produced a good many theories 
and controversial explanations that are reviewed and criticized recently 
by Burtt (1961, 1962) . A n unexplained genetic mechanism in the Com
positae tends to reduce the strictly pleomorphic pentamerous florets to 
a minimum size necessary for quick production of a maximum number 
of single-seeded fruits (achene). In addition to their minimum weight 
such tiny fruits are well equipped with feathery pappus for instant dis
persal by wind. For this purpose the minute flower size has an obvious 
advantage and a selective value in an open Landscape, the common habitat 
of the Compo sitae. 

An opposite trend, howeve r, which appears to be controlled by selec
tive activity of pollinating i nsects, Leads to the restoration of definite 
floral patterns necessary for attraction of pollinators. Thus a Large 
number of tiny florets a re gathered into a sizeable head to Look Like soli
tary flowers. In this n e w configuration ray florets simulate petals, and 
disc florets stamens, the sepals being replaced by the involucral bracts. 
Such "pseudo-flowers" imitate definite ranalian flower types in shape, 
size, color and number of flower parts and are actually distinguished as 
such by insect visitors. These opposite but reciprocally compensating 
evolutionary processes are repeated in genus after genus throughout the 
whole family o f the Compositae, as shown in the enclosed plates. 

Imitations of haplomorphic flower types are common among Dahlia, 
Sonchus, Taraxacum, Zinnia, and many other genera of the Compositae. 
In Plate 2 a white flower of Magnolia soulangiana Soul. -Bod. is com
pared with a capitulum of Tithonia speciosa Hook. Both are alike in size, 
shape, posture, and general proportions, representing the common hap
lomorphic type class. Plate 4 shows a single flower of Troltius chinensis 
Bunge, compared with the head of Calendu La officinalis L. 

Actinomorphi c types, Like sunflowers, daisies, marigolds, and asters 
are the dominant patterns among the flower heads of the Compositae. 
They imitate the radiate flowers of the Ranunculaceae, as compared in 
the enclosed tables. In plate 5 a single flower of Anemone blanda (Sch. 
Ky.) is compared with Gaittaridia grandiflora Hort. Both have similar 
radiate shape and color patterns. Anemone apennina L. has similar 
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radiate shape as Dimorphotheca aurantiaca DC. in Plate 6. Pyrethrum 
roseum Lindl. and Chrysanthemum thunbergii Lindl. in Plate 7 are 
further examples of actinomorphic flower heads that resemble single 
flowers in the Ranunculaceae. He Lenium autumnale L. and Ac tin ea 
odorata L. in Plate 8 have similar radiate shape but diff e r from one 
another in the number of ray florets. 

Less frequent are the pleomorphic types. In Plate 9 an octomerous 
capitulum of Cosmos bipinnata Gav. is compared with the flower of Ane
mone japonica S. Both have similar pleomorphic shape, approximately 
the same size, and white or pink color. Tagetes signatus Bartl. in Plate 
11 is compared with Caltha palustris L. and micranthous Galinsoga 
cilia ta (Raf.) B Lake in Plate 12 with flowers of Ranunculus sceleratus L. 
--I-t-appears from this comparison that the "pseudoflowers" in the 
Compositae have a more perfect shape and symmetry, with neatly emar
ginate rays (see Plates 8, 11, 12), than the more robust petals of the 
Ranunculaceae. This all shows the more primitve position of the 
Ranunculaceae and more progressive Level of the Compositae among 
angiospe rms. 

Further evolutionary parallelism between the flowers of the Ranun-
culaceae and the flower heads of the Compositae is expressed in the 
marked reduction of semaphylls in the pleomorphic Level of both families. 
Statistical counts of the petals in the ranalian flowers and ray florets. of 
the composites de liver a similar graph as pictured in Fig. 12. In both 
cases the number of petals and rays were counted in 1000 flowers or 
flower heads of the same species, as shown in Tables 3 and 4. Prevail
ing numbers are in both cases "eight" and "five" that show sharp peaks 
in Fig.12. Depending on the level of sensory development of pollinators, 
progressive and regressive trends are observable: actinomorphic~ 

pleomorphic and vice~· 

Typological Grouping and Taxonomic Classification 
in the Ranunculaceae 

It appears from the foregoing discussion that the above-described 
system of type-classes of flowers (see pp. 42-47 and Fig. l, p. 7) do not 
match well with the phylogenef:ic order, and that the typological grouping 
of flowers differs essentially from the taxonomic classification of the 
Ranunculaceae. This is because the taxonomic classificatioo is founded 
on the phylogenetic relationship in plants, while the typological grouping 
of flowers is a floroecological system that is based on the sensory reac
tion and selective activity of plant pollinators. Large insect groups, or 
different insects of the same stage of sensory development are working 
in various floras, selecting from phylogenetically different plants flowers 
with similar characteristics until they finally have reached the same 
types in different taxonomic units. The cases of convergency, parallel 
development, and recapitulation of the same evolutionary sequence in 
different taxonomic plant groups are common throughout. A parallel 
evolution is consequently going on simultaneously in many plant groups, 
which may or may not be related genetically. 

Inside hereditary and genetic factors in plants are producing new gene 
combinations, new idiotypes, and mutants in flowers. But it depends on 
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the sensory reaction of pollinators which new types they select as their 
food plants for permanent visits. In this way internal and external fac
tors interact on the cours e of floral evolution, as described in several 
previous papers {Leppik, l 957b, p.469 ; l 96la, p. 23). 

Floral evolution, therefore, depends on the inte raction of internal 
{phylogenetic) and external {hologenetic) factors that tend to convey the 
course of evolution i n to two different directions. The actual course of 
evolution, consequently, takes place in-between these two trends, as 
sketched in Fig.13, p.43 and Fig.16. 

t 
INTERNAL FACTO~ 

PHYLOGENE.TIC 
TRE.ND 

o~ l 
\,) '1" \ EXTERNAL 

~ FAC,ORS I ~e."o 
• - HOLOGENETIC TRE.No-----• 

Figure 16. Presumed interaction of internal and external factors 
cour se of evolution (according to Leppik, 1957b). 

on the 

From several taxonomic orders proposed by de Cand~Lle {182 7), 
Prantl {1888), Hallier (1905 ), Hutchinson (1926), and others for classi
fication of the family Ranunculaceae, the newly revised grouping of 
Janchen (1949) appears most appropriate for the study of floral evolution. 
In this system, for instance, the genus Paeonia is joined with the Ranun
culaceae, against the suggestion of Wordsell (1908) to segregate this 
genus as a separate unigeneric family Paeoniaceae . 

In the following taxonomic conspectus of the Ranunculaceae special 
attention is called to floral structures and typological characteristics. 
Main type-classes of flowers are used in their historical sequence: 
amorphic-haplomorphic-actinomorphic-pleomorphic-stereomorphic
zygomorphic, as pictured in Fig. 1, p . 7. Subfamilies are indicated with 
capital Letters, tribes with consecutive Arabic numerals, subtribes with 
small Letters. The number of species in every genus is included in 
parenthesis that follows generic names. 

Family Ranunculaceae 

Flowers hypogynous, haplomorphic, actinomorphic, pleomorphic, 
stereomorphic, or zygomorphic. Sporophylls and semaphylls in lower 
levels numerous and indefinite, becoming differentiated and specialized 
in higher levels. Fruit an achene, follicle, or berry. Mostly herba
ceous, occasionally woody plants (Paeonia) of wide distribution, but most 
abundant in the forested parts of the north temperate zone. 

A. HYDRASTIDOIDEAE. Outer integument Longer than the inner. 
Perianth (Perigon) simple, tri- or tetramerous . No bracts, no 
nectar-leaves. Carpels free or grown together. Fruits one- or 
many-seeded berries. 



FLORAL EVOLUTION IN THE RANUNCULACEAE 

1 . ~ Flowers pleomorphic, sepals 3, petal-Like, 
petals none, stamens and pistils numerous. 

a. Glaucidiinae. Fruit achene, many-seeded. Glaucidium (1). 
~nAsia. 

b. ~· Fruits 1-2-seeded berries . Hydrastis (2). 
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Perennial herbs with a solitary terminal flower. One species 
occurs in North America, another in eastern Asia. 

B. PAEONIOIDEAE . Outer integument Longer than the inner. Flowers 
haplomorphic, actinomorphic, or pleomorphic. No nectar-Leaves, 
but well developed "ringnectaries." Carpels several, fruits many
seeded. 

2. Paeonieae. Single genus Paeonia (33) in Eurasia, tree peonies 
~ 

C. ANEMONOIDEAE. Flowers in Lower Levels actinomorphic or pleo
morphic, in higher Levels seldom stereomorphic (Myosurus). Outer 
integument shorter than the inner. Perigon mostly corolla-Like. 
Nectar-Leaves none, or present. Fruits achenes or berries. 

3. Clematideae. Perigon mostly corolla-Like, pleomorphic. 
~es none or very small. 

a. Thalictrinae. Perigon 4-5, small, pleomorphic but unshowy. 
~es none. Anemonella (1), Piuttia (1), Thalictrum 
(120). --

b. Anemoninae. Perigon 5-6, mostly actinomorphic or pleo
~Nectar-leaves small or absent. Anemone {100), 
Hepatica (6), Pulsatilla (7). Miyakea (1), Barneoudia (5), 
Capethia (2), Knowltonia {13). 

c. Clematidinae. Perigon 4 or more, pleomorphic. Nectar
~ CLematopsis (16), Clematis {400). 

d. ~· Perigon 5 or 2, pleomorphic, nectar-Leaves 
none. Kingdonia (1), Circaeaster (1). 

4. Ranunculeae. Perigon mostly sepal-Like, seldom corolla-like. 
~nomorphic or pleomorphic, stereomorphic in 
_Myosurus, showy. Nectar-Leaves present, showy, petal-Like, 
seldom absent. 

a. Ranunculinae. Flowers mostly pleomorphic, showy. Nectar
Leaves withgrove, petal-like, showy. Trautvetteria (2), 
Kumlienia {l ), Arcteranthis (1 ), Cyrtorrhyncha (1). Halerpestes 
(6), Oxygraphis l 9), Paroxygraphis (1 ), Aphanostemma (1 ), 
Batrachium (5), Ranunculus {300), Ficaria (10), Beckwithia (2), 
Gampsoceras (1 ), Ceratocephalus (2), Casa Lea (3), Myosurus (L 7), 
Hamadryas (6), Krapfia (1). 

b. ~·. Flowers Large, Magnolia-like, haplomorphic 
or actinomorphic. Nectar-leaves with numerous groves. 
Laccopetalum (1). 
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c. Adonidinae. Flowers actinomorphic or pleomorphic. Nectar
~h one grove on each, corolla-like. Callianthemum (16), 
Adonis (40). 

D. HELLEBOROIDEAE. Flowers haplomorphic, actinomorphic, pleo
morphic or zygomorphic. Nectar-leaves mostly present, showy, 
corolla-like. Carpels 3-5, seldom 1-2, fruits, follicles or berries. 

5. ~· Flowers pleomorphic or stereomorphic (Aquilegia). 
Nectar-Leaves cup-Like or absent. 

a. ~e. Nectar-leaves very short, cup-Like. 
Xanthorrhiza (1), Coptis (15), Beesia (2), Souliea (1), 
Cimcifuga (20), Actaea (11), Anemonopsis (1). 

b. Helleborinae. Nectar-Leaves tubulate. Helleborus (26)~ 
~ Shibateranthis (1). 

c. ~· Flowers pleomorphic or steromorphic (Aquilegia). 
Nectar-Leaves cup-Like, sometimes with spur. Enemion (7), 
Asteropyrum (2), Isopyrum (26), Leptopyrum (1 ), Paropyrum (1 ), 
Paraquilegia (4), Semiaquilegia (3), Urophysa (2), AquiLegia (L20). 

6. Trollieae. Flowers actinomorphic, pleomorphic or secondarily 
~phic (TroLLius). Nectar-Leaves flat. 

a. Calthinae. Flowers actinomorphic or pleomorphic. Nectar
~at or absent. Caltha (40), Calathodes (3), TroLLius (29), 
Hegemone (1). 

b. ~· Flowers pleomorphic, nectar-Leaves 2-Lobed. 
Komaroffia (2), Nigella (22), Garidella (2). 

c. ~· Flowers stereomorphic or zygomorphic. 
Nectar-Leaves with spur or coiled. Aconitum (350), Delphinium 
(380), Consolida (60). 

DISCUSSION 

A mere glance at the above described holetic groupings of ranalian 
flowers (Fig. 13) and a comparison of this system with other flowering 
plants, reveal an obvious central position of the Ranunculaceae in this 
assemblage . In a ge'neral way, ranalian plexus has produced a sequence 
of flower types that represents the basic trend in the flora L evolution of 
angiosperms. This is actually an amplification of one of the main con
clusions drawn by Braun {1858), restated by Arber and Parkin {1907-
1909) in their strobiloid theory, and ascertained by Zimmermann {1935-
1961) after an extensive phylogenetic study. But it has been only very 
recently that the basic trend of floral evolution could be correlated with 
the concurrent sensory development of pollinating insects, as described 
elsewhere (Leppik, l 957b). 

The gradual evolution of various floral structures in close correlation 
with the sensory development and abilities of pollinating insects is so 
convincingly demonstrated in the Ranunculaceae that the "old great mys
tery of flowers" as still emphasized by mo.dern writers {see Just, 1939, 
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1952 ; Good, 1956; Pijl, 1960, p.414), s eems reliably ~xplained now. ALL 
types of structural modifications and special devices of insect-pollination, 
such as showy semaphylls, nectar-Leaves, concealed nectaries, nectar 
guides, and other complicated pollination mechanisms are represented 
in ranalian flowers in all phases and stages of development. There is 
good evidence to assume that all these complicated contrivances, ad
justed to their particular pollinators, have evolved in response to the 
selective activity of their permanent visitors. The whole evolutionary 
sequence of ranalian flowers does not reve al any point that would support 
the antiselectionistic theories of Goebel {1915-1920), Troll {1928), Werth 
{195 6 ), and others, reviewed and criticied by Pij l {1960, p . 40 3££ .) . 

On the other hand, it is fairly evident that anthophilous insects, birds, 
bats, and other flower visitors must distinguish and remember a numb er 
of floral characteristics to Locate their food plants from a multitude of 
flower types exposed to them in a foraging area. Special senses for 
form, symmetry, color, taste, odor, and numerical patterns have de
veloped in these insects step by step during their Long sensory evolution 
that has Lasted several hundred million years. Finally, a well-perfected 
sensory mechanism has evolved in anthophilous insects that governs 
their food-searching {tropheclectic) instincts and regulates their selec
tive activity among flowers. 

Thus , a well-perfected system of flower types has evolved in the 
ranaLian plexus in close correlation with the sensory development of 
pollinating insects, as pictured in Fig. 11. This system corresponds to 
the gradual sensory development of anthophilous insects in their suc
cessively acquired ability grades to distinguish amorphic, haplomorphic, 
actinomorphic, stereomorphic, and zygomorphic flower types. Once 
fixed in insects as inherited instincts and senses, these perceptive 
faculties guide pollinators in their food-searching and selective activity. 
Numerous observable progressive and regressive trends, sometimes 
even the recapitulation of the whole evolutionary sequence, testify to 
such selective activity of various groups of pollinators in the present
day floras. 

Gradual development of inherited instincts and special senses has 
enabled anthophilous insects to correlate their selective activity through 
countless generations in the same principal Line, as expressed in the 
historical sequence of floral evolution. In the Lower evolutionary Levels, 
the tropheclectic instincts and elementary senses for color, odor, taste, 
form, size, and symmetry must have been much the same in all insect 
groups that possess compound eyes and other sense organs of similar 
structure. This can be concluded from the similar sensory reaction of 
all recent primitive insect groups to elementary flower types on haplo
morphic and actinomorphic Levels. 

But the sensory reaction of pollinators to the floral characteristics 
became more and more specific on and above the pleomorphic evolution
ary level, reaching its maximum diversity in the zygomorphic type
class. The zoophilous flower classification according to their visitors, 
was first introduced by Delpino {1868-1874), and adapted mo re recently 
by Vogel {1954), Kugler {1955 ), and Pij L {1960); therefore it is reasonably 
justified only for flowers on the upper evolutionary levels. But it is un
fit for the classification of flowers on Lower levels that are accessible to 
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all pollinators. This shortcoming of Delpino's system is also indicated 
by Werth {1956), who introduced an artificial morphological system for 

floral s:;Las sification. But this system, in its turn, is inapplicable for 
evolutionary study. The obvious advantage of the classification of flower 
types according to their historical development and evolutionary se
quence, as proposed in the present study, appears from the comparison 
of all systems mentioned. 

Such comprehensive knowledge about the floral evolution enables us 
now to resolve some controversial viewpoints and conflicting theories 
about flowers. The typological concept of Goethe {1790), "concetto bio
Logico" of Delpino {1868-1870), the "Gestalttypus" of Troll (1928), -;;d 
"Stil" of Vogel" (1954), although criticized by Pij l (1966££) for their anti
selectionistic attitude, still have some basic virtue . By the limitations 
of their time, these authors could not know, and not even suspect, the 
existence of such efficient sensory systems in insects, as established 
Later by sensational discoveries of von Frisch (1954), Lindauer {1955 ), 
Lindauer and Kerr {1960), and others. 

The great merit of the typological conception of Goethe and the Ges
taltehre of Troll lies in the emphasis on a certain regulating principle 
or Law in nature that governs the evolution of flower types. "If this key 
principle could be found, the interpretation of the flower might enter 
upon a new and more hopeful phase" (Arber, 1936, p.182). Now the key 
principle is found in the regulating sensory perception mechanisms of 
pollinators and reinterpretation of the flower is in full swing. 

Some practical aspects of these new findings, particularly a new dis
cipline, "bee-botany," are reviewed and discussed recently by Deodikar 
(1961). This author purposely correlates recent discoveries in the sen
sory physiology of insects with the newest achie,yements in ftorar ecology 
thus elaborating a new bottom-ground for the further progression of 
apiculture. 

ACKNOWLEDGMENTS 

The author is greatly indebted to W. H. Bragonier, former Head of the 
Department of Botany and Plant Pathology of the Iowa State University, 
and to G. M. Browning, Director of the Iowa Agricultural and Home Eco
nomics Experiment Station, for their interest and financial support of 
the present work. Appreciation is also expressed to the members of the 
Manuscript Committee: M. D. Simons, D. Isely and R. Pohl, for their 
comments and suggestions. Professor K. Huntress of the Department 
of English and Speech and Mrs. J. Norton kindly read over the manu
script making some corrections in grammar. ALL plates were photo
graphed by L.A. Facto of the Iowa State Photographic Laboratory. 

Regardless of all these valuable comments and corrections the writer 
accepts the whole and sole responsibility for the contents of this paper 
and the ideas expressed. In debatable areas, therefore, the writer re
lies on his own experience and observations, in a sense, as formulated 
in several previous reports. 



FLORAL EVOLUTION IN THE RANUNCULACEAE 

LITERATURE CITED 

Arber, A. 1937. The interrelation of the flower: a study of some as
pects of morphological thought. Biol. Rev. _.!]. :15 7-184 . 

___ .and J. Parkin. 1907-1909. On the origin of angiosperm. Jour. 
Linn . Soc. London, Bot. 38:29-80. 

63 

Aufsess, A. V. 1960. Geruchliche Nahorientierung der Biene bei ento
mophilen und ornitophilen B Luten. Zeitschr. £. vergl. Physiol. 43: 
470-498. 

Axelrod, D.I. 1960. The evolution of flowering plants. In Sol Tax, 
Evolution after Darwin .!_:227-305. 

___ . 1961. How old are the angiosperms? Amer. Jour. Sci. 259: 
447-459. 

Bae rinds, G. P. 1950. Specializations in organs and movements with a 
releasing function. Symposia Soc. Exp. Biol. i_:337-360. 

Bailey, I. W. 1949. Origin of the angiospe~ms: need for a broadened 
outlook. Jour. Arnold Arbor. 30 :64- 70. 

Bancroft , H. 1935. A review of researches concerning floral morphol
ogy. Bot. Rev . .!_:77-99. 

Barber , H.N . 1941. The evolution of the genus Paeonia. Nature 148: 
227-228. 

Barnard, 1960. F Loral histoge ne sis in the Monocotyledone s. IV. The 
Liliaceae. Austrl. Jour. Bot. 8:213-225. 

___ . 1961. The interpretation of the angiosperm flower. Austrl. 
Jour. Sci. 24:64-72. 

Bessey, C.E. 1897. Phylogeny and taxonomy of the angiosperms. Bot. 
Gaz. 24:145-1 78. 

___ . 1915. The phylogenetic taxonomy of flowering plants . Ann. 
Missouri Bot. Gard. 2:109-166. 

Bolle, Fr. 1952. Biene;-krieg. Orion 2.(10):389-393. 6 figs. Murnau, 
Germany. 

___ • 1954. Vogel z~hlen und bienen zUchten B Lumen. Orion .2_(1 7-18): 
707-713. 8 figs. Murnau, Germany. 

Baughey, A.S. 1959. Origin and dispersal of flowering plants. Nature 
184:1200-1201. 

Bowers, H. 1891. A contribution to the Life history of Hydrastis ~
densis . Botan. Gaz. !..§:73-82. 

Brand, A. 1894-1895. Monographie der Gattung Nigella. Helios, 
Monatl. Mitteil. aus d. Gesamtgeb. der Naturw. 12:171-174, 182-
197; 13:8-15, 22-28, 33-38. 

Braun, A. 1858. Uber den B Ltitenbau von Delphinium. Jahrbuch. £. 
wiss . Botan. 1:307-370. 

Britton, N.L . 1892. The American species of the genus Anemone and 
the genera which have been referred to it. Ann . New York Acad. 
Sciences 6:215-238. 

Brouland, M. 1936. Recherches sur L'anatomie florale des Ranoncu
Lacees. Le Botaniste 27:1-252. 

Brown, W. H. 1938. The bearing of nectaries on the phylogeny of 
flowering plants. Proc. Amer. Philosoph. Soc. 79:549-594. 

Burtt, B.L. 1961. Compositae and the study of functional evolution. 
Trans. Bot . Soc. Edinburgh 39:216-228. 



64 E.E. LEPPIK 

. 1962. Interpretive morphology. Notes Royal Bot. Gard. Edin
~rgh 23:569-572. 
Butler, C.G. 1954. The World of the Honeybee. London, Collins, 

226 pp. 
___ . 1959. Bumblebees. Macmillan Co., New York, 208 pp. 
Candolle, A.P. de. 1827. Organographie vegetate. Paris. 
Cronquist, A. 1951. Orthogenesis in evolution. Res. Studies, State 

College of Washington, .!_2(1):3-18. 
Gunnell, G. J. 1958. Aestivation in Ranunculus repens L. New Phytol. 

57:340-352. 
Da.niker, A. U. 1959. Was ist eine B Lute? B etracthungen uber das 

Wesen und die Organisation der Blilten. Ein Beitrag zur Phylogenie 
der Angiospermen. Vierteljahrschr. Naturf. Gesellsch. Zurich, 
104:379-389. 

Darwin, Ch. 1862. On Various Contrivances by which British and 
Foreign Orchids are Fertilized by Insects. London, Ed. 2, 1877. 

Delpino, 1869-1875. Fully cited by Muller, 1883 and Knuth, 1908. 
Deodikar, G.B. 1961. Some aspects of bee-botany. Repr. from Prof. 

S.P. Agharkar Commemoration Volume 1961:61-78. 
Diels, L. 1916. K~ferblumen bei den Rana Les und ihre Bedeutung fur 

die Phylogenie der Angiospermen. Berichte Deutsch. Bot. Ges. 
34:758-774. 

Ea~s, A. F. l 96la. The morphological basis for a Paleozoic origin on 
the angiosperms. Internat. Bot. Cong., 9th, Montreal 1959, sec. 8. 

___ . 196lb. Morphology of theAngiosperms. McGraw-Hill Co. 
xiii + 518 pp. 

Eichler, H. 1958. Revision der Ranunculaceen Malesiens. S. 1958. 
20 Abb. 7 Taf. 4°, 110 S., Bibl. Bot. 

Ekstam, O. 1895. Einige B lUtenbiologische B eobachtungen auf Novaja 
Semlja. Troms~ Museums Aarshefter ~:109-194. 

Emberger, L. 1944. Les plants fossiles dans Leur rapports avec Les 
vegetaux vivants, Elements de paleobotanique et de morphologie 
comparee. Paris, Masson, 492 pp. 

Ewan, J. 1936. The genus Delphinium in North America: series 
Pelligerae of subsection Subscaposa. Bul L. Torrey Bot. Club 63: 
327-342. 

___ . 1945. A synopsis of the North American species of Delphinium. 
Univ. Colorado Student D. 2. 55-244. 

Faegri, K. 1963. Palynology of a bumble-bee nest. Vertlff. Geobot. 
Instit. Rubel, Zurich, lZ_:60-67. 

Fahn, A. 1953. The topography of the nectary in the flower and its 
phylogenetical trend. Phytomorphology l.:424-426. 

Foster, A. S. 1959. The morphological and taxonomic significance of 
dichotomous venation in Kingdonia uniflora Balfour F. et W.W. Smith. 
Notes from the Roy. Bot. Garden Edinburgh 23:1-12. 

Frisch, K. v. 1914. Der Farbensinn und Formensinn der Biene. Zool. 
Jahrb. Abt. 3, 35:123-134. 

___ . 1950. Bees, Their Visions, Chemica.L Senses and Language. 
Cornell University Press, xiii+ 119 pp • 

. 1954. The Dancing Bees. An Account of the Life and Senses of 
~Honey Bee. Transl. by Dora Ilse. Methuen and Co., Ltd. 

London, 1 -183. 



FLORAL EVOLUTION IN THE RANUNCULACEAE 65 

Gayer, Gy. J. 1909. Vorarbeiten zu einer Monographie der europ~i
schen Aconitum-Arten. Magyar Botan. Lapok !:!_:114-206, 310-327. 

___ . 1911. Aconitum, in Hegi, Illustrierte Flora von Mittel-Europa, 
1_:492-50 7 . 

. 1912. Die bayerischen Aconita. Ber. Bayer. Botan. Ges. 
~nchen 13:68-81. --~ 
___ . 1930. Nachtra.ge und Berichtigungen zur Bearbeitung der Gat

tung Aconitum in der Ascher son- Graebnerschen Synopsis. Magyar 
B otan. Lapok 29 :39-48. 

Gertz, 0. 1913. Om variationen i antalet kalkblad hos Caltha palustris 
L. Bot. Notiser 281-289. 

Gibbs, R. D. 1945. Comparative chemistry as an aid to the solution of 
problems in systematic botany. Trans. Roy. Soc. Canada, 3rd 
series, Sect.5, 39:71-103. 

GlUck, H. 1919. B latt-und blutenmorphologische Studien. Eine morph
ologi sche Untersuchung lib er die B Latts~heide und Uber die B ewertung 
der B lutenblattgebilde. Ver Lag G. Fischer, Jena, pp. I-XXIII, 1-696. 

Goebel, K. von. 1933. Organographie der Pflanzen. 3rd ed. Jena. 
Goethe, J. W. von. 1790. Herzoglich Sachsen-Weimarischen Geheim

raths Ver such die Metamorphose der Pflanz en zu Erkla.ren. Gotha, 
Carl Wilhe Lm Ettingen, 86 pp. Repub Li shed with French trans Lation 
by the Swiss scientist Frederic Soret. Essai sur La Metamorphose 
des plantes. Stuttgart, J.G. Gottasche Buchhandlung, 1831, 240 pp. 

Good, R. 1956. Features of Evolution in the Flowering Plants. London 
405 pp. 

Grant, V. 1949. Pollination systems as isolating mechanisms in angio
sperms. Evolution 1_:82-97. 

___ . 1950a. The protection of the ovules in flowering plants. 
Evolution 1_:1 79-201. 

___ . 1950b. The flower constancy of bees. Bot. Rev . .!_§:379-398. 
___ . 1952. Isolation and hybridisation between Aquilegia formosa and 
~ pubescens. EL Aliso, ~(4) :341-360. 

Gregoire, V. 1938. La morphogenese et l 1autonomie morphologique de 
L'appareil floral. I. Le carpelle. La Cellule 47:287-452. 

Gregory, W. C. 1941. Phylogenetic and cytological studies in the 
Ranunculaceae Juss. Trans. Amer. Philosoph. Soc. New Series 
31(5):441-521, 12 plates. 

Hagerup, 0. and V. Petersson. 1959. A Botanical Atlas. Vol. l, 
Angiosperms, with translation into English by Gilbert-Carter. 
Ejnar Munksgaard, Copenhagen. 550 pp. 

Hallier, H . 1905. Provisional scheme of the natural (phylogenetic) 
system of flowering plants. New Phytologist i_:l 51££. (See also: 
Ber. Deutsch. Bot. Ges. 23:85££ . 

Hammond, H. D. 1955. Systematic serological studies in Ranunculaceae. 
Bull. No. 14, Serologica L Museum, Rutgers University, p. 1-4. 

Hughes, N. F. 1961. Fossil evidence and angiosperm ancestry. 
Science Progress 49(193):86-102. 

___ and R.A. Couper. 1958. Palynology of the Brora Coal of the 
Scottish Middle Jurassic. Nature, London . .!J!!.:1482-1483. 



66 E.E. LEPPIK 

Hutchinson, J. 1923. Contributions towards a phylogenetic classification 
of flowering plants. I. Royal Bot. Gard. Kew. Bull. Misc. Inform. 
No. 2:65-89. 

___ .-1926. The families of flowering plants. I. Dicotyledones. 
Macmillan, London. 328 pp. 

Huth, E. 1895. Monographie der Gattung Delphinium. Engler, Bot. 
Jahrb. 20 :322-499. 

Jaeger, P. 1957, Les aspects actuels du probleme de L'entomogamie I, 
II. Bull. Soc. B otan. France 104:1 79-222, 352-412. 

Janchen, E. 1949. Die systematische Gliederung der Ranunculaceen und 
Berberidaceen. Akad. Wiss. Wien, Math.-Nat. Klassen, Denk
.!..2.§(4):1-82. 

Just, Th. 1939. The typological approach to the nature of the flower. 
Bot. Rev. 5:115-125. 

___ • 1952. Origine et evolution de Lafleur. Ann. Biol. 28:135-148. 
Kaempffert, W. 1953. Struggle of the bees. In: Science in Review. 

The New York Times, June 21, Sec.4 p.E.9. Ref.: 1) Daily Arg. 
Leader, Sioux Falls, S. Dak., July 6, 1953. 2) Sidney Morning 
Herald, Australia, June 28, 1953. 3) The Organic Farmer, 2(1):44-
46. 195 3. Argentina. 

___ . 1954. Insects that recognize numbers. New York Times, 
April 4, 1954 . 

. 1955. Leaf-Flower. The New York Times, July 17, E 9. ==· 1956. Insect Addition. Simple mathematics important to bees 
and butterflies. Ref.: Matematica das abelhas, Diario de Sao Paulo, 
Domingo 8-12-57. 

Kerr, W. E. 1960. Evolution of communication in bees and its role in 
speciation. Evolution 14:386-387. 

and G. R. dos Santos Neto. 1956. Contribuicao para o conheci
mento da bionomia dos Meliponini. Insectes Sociaux 2_:423-430. 

Knowlton, G. F. 1951. Parathion kills honey bees. Farm and Home 
Science, Utah, June, p. 2 3. 

Knuth, P. 1908. Handbook of flower pollination. Translated by J.R. 
Ainsworth Davis. Vols. I, II, III. Oxford, Clarendon Press. 
Vol. I, II: VIII and 704 pp. 

Koelreuter, J. G. 1 761. Vorlatlfige Nachricht von einigen das Geschlect 
der Pflanzen betreffenden Versuchen und Beobachtungen. Karlsruhe. 

Kronfeld, M. 1890. Uber die biologischen Verhaltnisse der Aconitum
BLUte. Engler's Bot. Jahrbtlcher, .!_!:1-20. 

Kugler, H. 1952. Hummelblumen, ein Beitrag zum Problem der 
"B Lumenklassen11 auf experimente Ller Grundlage. B erichte Deutsch. 
Bot. Ges. 60:128 ff. 

___ . 1943. Hummeln a Ls BLUtenbesucher. Ein Beitrag zur experi
mentellen BlUten()kolgie. Ergebn. Biol. .!2:141-323. 

___ • 1955. EinfUhrung in die B Ltlten!:)kologie. F. Fischer, Stuttgart, 
278 pp. 

Lam, H.J. 1948. Classification and the new morphology. Acta 
Biotheor., Leiden VIII, p.107-154. 

Laubach, C. 1882. Die Herkunft, Domestikation und Verbreitung des 
gewOhnlichen Feigenbaums, Ficus carica L. Abhandl. Gesellsch. 
Wiss. GMtingen .!.§: 



FLORAL EVOLUTION IN THE RANUNCU LACEAE 67 

Leinfellner, W. 1958. Beitrctge zur Kronblattmorpho(ogie. VIII. Der 
peltate Bauder Nektarblcttter von Ranunculus, dargelegt an Hand 
jener von Ranunculus paLLasii Schlecht. Oesterr. B otan. Zeitschr . 
.!....QE:l84-192. 

Leppik, E. E. l 948a. Hologenetische Betrachtungen tlber die Ranunc-ti·- · 
laceen. Sendbrief aus dem Institut fur Gctrtnerische Botanik und 
Pflanzenschutz der Staatlichen Lehr- und Forschunganstalt ftlr 
Gartenbau in We~henstephan. Sept. 1948. 6 pp. Frei sing, Germany . 

___ . l 948b. U eb er die Evolution der B Late, Ibidem, Oktober 1948, 

19 PP· 
___ . l 948a. Ueber den Entstehungsort der Angiospermen. Vorlctufige 

Mitteilung. Ibidem, 18 Febr. 1949, 4 pp . 
. l 949b. Ueber die Stammesgeschichte der Pomaceen. Zur 

Phylogenie der Ranunculaceen. Vorlctufige Mitteilung. Ibidem, 
Se ptember 1949,. 6 pp. 

___ . 1949c. Bienenkrieg. Der prakt. Kleingctrtner, Essen, Rhein
land, Germany, Heft 2.:3, 3 figs. 

___ . 1950. Die durch Insektengifte hervorgerufenen Verwirrungser
scheinungen bei Honigbienen. Zeitschr. f. Pflanzenkrh. u. Pflanzen
schutz 5 7 :43-46, 4 figs. 

___ . 195Ta. Sind die Bienen und Hummeln artstet. Orion §_:707-709, 
3 figs. Mllnchen, Germany . 

. 1951 b. Pflanzenschutz - Bienenschutz - Insektenschutz. 
~zeiger fur Schctdlingsbek, 24:161-165, 3 figs . , Berlin, Germany • 

• 195lc. Insects fight for survival, seen in phenomenon of "bees' 
---;t;uggle." Agricult. Chem. 6:48-49, 5 figs., U.S.A. See also 

abstr. in Scient. Amer. 185:34-36, 1951; Science in Review of the 
New York Times, June -21, 1953, Sec.4, p.E-9 (by W . Kaempffert); 
The Organic Farmer 5 :44-46, August 1952 . 

. l 95ld. New insecticides are disastrous to bees. Amer. Bee 
~r. 91 :462-463, 5 figs. 
___ . 1952. Rationalisierter Keingartenbau, eine Zukunftform fur die 

Uber bewCHkerten Lander. Der prakt. Kleininga.rtn. Heft 5:4-5, 3 figs., 
Essen Rh. Germany. 

___ . 195 3a. Bee repellant insecticides in sight. Report of the State 
Apiarist of the State of Iowa, 1953:55-58, 3 figs., Ames, Iowa • 

. 195 3b. The ability of insects to distinguish number. Amer. 
~turl. 87:229-236. 
___ . l 954a. La facultad de Las mariposas para distinguir numeros 

figarodos. I. Commun. del Inst. Trop. de Invest. Cient. de Univ. 
EL Salvador, Cent. Amer. Ano 1_:151-158 . 

. l 954b. The struggle of bees. Gleanings in Bee Culture 82:662-
~3, 1 fig. -
___ . l 955a. Dichromena ciliata, a noteworthy entomophilous plant 

among Cyperaceae. Amer. Jour. Bot. _!?:455-458. 
___ . 1955b. How bees recognize numbers and size. Amer. Bee Jour. 

95 :4 72-473. 
___ • l 955c. La facultad de lc;ts mariposas para distinguir numeros 

figurados. II. Observaciones con mariposas marcados. Ibidem Kno 
!:55-59. 



68 E.E. LEPFIK 

___ . l 955d. Some viewpo.ints on the origin and evol.ution of flowering 
plants. Acta Biotheoretica 9(II):45-56. 

___ . 1956a. The form and f~ction of numeral patterns in flowers. 
Amer. Jour. Bot. 43:445-455. 

___ . l 956b. Experimentos .de amaestramiento con abejas silvestres 
sin agu1Jon •. Commun. del Instit. Trop. de Invest. Cient. Univ. de 
EL Salvador, Centr. Amer. Ano 2_:89-93 . 

• 1957a. A new system for classification of fl.ower types . Taxon 
~(3):64-67. 

___ • 195 7b. Evolutionary relationship between entomophilous plants 
and anthophilous insects. Evolution !..! :466-481 . 

. 1957c. Hologeny, a complementary concept of phylogeny. Ann. 
~c. Tartuensis, Ser. Nova • .!_:41-51, Lund, Sweden. 
___ . 1958. A "Literacy test" performed with anthophilous insects. 

Ann. Soc. Litt. Eston. in America £_:43-53, 4 figs. New York . 
. l 960a. Evolutionary differentiation of the £Lower head of the 

~mpositae. Arch. Soc. Fenn. "Vanamo" 14:162-181, 3 figs. 
Helsinki, Finland • 

. l 960b . Early evolution of flower types. Lloydia 2 3:72-92, 8figs. 
---. 196la. PhyLLotaxis, anthotaxis, semataxis. Acta Biotheoretica 
~l-28, 4 figs., 4 pl. Leiden, Netherlands. 

- . 196lb. Evolution of roses vs. breeding. Amer. Rose Annual 
46:59-60, 102-106, 4 figs. 

___ . l 963a. Reconstruction of a Cretaceous Magnolia flower. 
Advancing Frontiers of Plant Sciences, New Delhi, India, _!:79-94, 
5 plates. 

___ . l 963b. Fossil evidence for floral evolution. Lloydia 26:91-115, 
10 figs • 

. l 963c. Evolutionary correl.ation between plants, insects, and 
~Ls. Ann. Soc. Litt. Estonicae in Amer. III (1959-1963):28-50, 

5 figs., 5 plates. 
Lex, T. 1954. Duftmale an BHlten. Zeitschr. £. vergl. Physiol. 

36:212-2 34. 
Li, H. L. 1959. A theory on the ancestry of angiosperms. Acta 

Biotheoretica 13:185-202. 
Lindauer, M. 1961. Communication among social bees. Harvard Univ. 

Press, 143 pp. 
and W.E. Kerr. 1958. Die gegenseitige Verstandingung bei den 

stachetlosen Bienen. Zeitschr. vergl. Physiol. _±! :405-434. 
Loew, E. 1884. Beobachtungen Uber den Bl.umenbesuch von Insekten an 

Freilandpflanzen des Botanischen Gartens zu Berlin. Jahrb. Bot. 
Gart. Berl.in, 3:69-118. Weitere Beob. 1886, 4:93-178. 

Ltlken, A. 1961. -Bombus consobrinus Dahlb., an -oligolectic bumble bee 
(Hymenoptera, Apidae). Verhandl. XI. Internat. Kongr. filr Ento
mologie, Wien .!:598-603 . 

. Losch, H. 1916. Uber die Variation der Anzahl der Sepal.en und der 

. HULlbl~tter bei Anemone nemorosa L. und Uber den Verlauf der 
Variation wahrend einer B LUtenperiode nebst einigen teratologischen 
Beobachtungen. Berichte deutsch. Bot. Ges. 34:396-411. 

Lovell, J.H. 1918. The flower and the bee. Plant Life and Pollination, 
C. Scribners, New York, 286 pp. 



FLORAL EVOLUTION IN THE RANUNCULACEAE 

Mason, H. L. and J. H. Langenhei~. 1961. Natural selection as an 
ecological concept. Ecology 42 :158-165. 

69 

McNair, J.B. 1934. The evolutionary status of plant families in relation 
to some chemical properties. Amer. Jour. Bot. 21 :427-452 • 

. 1935. Angiosperm phylogeny on a chemical basis. Bull. Torrey 
~t. Club 62:515-532. 
Meeuse, A. D~. 1962. The multiple origin of the angiosperms. 

Advancing Frontiers of Plant Sciences .!_:l 05-12 7 . 
. 1963. From ovule to ovary: a contribution to the phylogeny of 

~ megasporangium. Acta Biotheoretica _!i(3 ... 4)":12?:..l 82. 

Mehlisch, K. 1954. Bodenbildung und Insekten. Rheinische Monat
schr.ift filr Gemuse-, Obst- und Gartenbau, 42 Nr. 9, Sept. 1954, 
pp. 209-209. 

Melville, R. 1960. A new theory of the angiosperm flower. Nature 
188:14-18 . 

. 1963. A new theory of the angiosperm flower. I, II. Kew~ 
~etin ..!..§:1-50; .!1:1-60. 
Merkenschlager, F. 1940. Pflanzenkunde fur Soldaten. 8. stunde . 

. 1950. Abschiedsvorlesung von Prof. Dr. Elmar Leppik in 
~ihenstephan am 15. 12. 1949. Pflanzenschutz, .f.(3):28, 1950. 

Munchen . 
. 1958. Rosensymposion. Erster Brief aus tertiarer Landschaft. 

----PP: 1-63. Obst- u. Gartenbauverlag, Mfinchen, Germany. 
Muller, H. 1883. The fertilization of flowers. Trans Lated and edited 

by D'Arcy W. Thompson with a preface by Charles Darwin. London, 
Macmillan and Co. x and 670 pp. 

Munz, P.A. 1945. Aconita cultorum. Gentes Herbarium ~:463-506. 
___ • 1946. Aquilegia. The cultivated and wild columbines. Gentes 

Herbarium 7:1-150. 
Nemejc, B. l 9S6. On the problem of the origin and phylogenetic 

dev.elopment of the angiosperms. Acta musei Nation. Pragae, 
_!l:65-144. 

Neumayer, H. 1924. Die Geschichte der Blfite. Versuch einer zusam
menfassenden Beantwortung der Frage nach der Vergangenheit der 
generativen Region bei den Anthophyten. Abhandlg. Zool. -Bot. Ges. 
Wien 14(1) :1-112, 1 Taf. 

Nogueira-Neto, P. 1948-1954. Notas Bion6micas sobre Meliponi"neos. 
I-IV. Rev. Brasil. Biol. ~:465-488; Avuls. Depto. Zool. S. Paulo 
.2_:13-31; Rev. de Entom . .!_§:305-367; Arquiv. Mus. Nacional (Rio) 
42:419-452 . 

. 1948. Stingless bees in the United States, Gleanings in Bee 
~lture 76:687. 
___ 1949. India and stingless bees. India Bee Jour. !...!:.:121-122. 
___ . 1951. Stingless bees and their stidy. Bee World 32:73-76. 
___ . 1953. A Cracao de Abelhas Indigenas sem Ferrao (Meliponinae). 

Editors Chacaras e Quintais, S. Paulo, Brasil, 280 pp. 
Palm, O. 1949. Ueber Art und Umfang der Wirkung Scha:dlingsbeka.mp

fungsmittel auf Bienen. Der Imkerfreund _!:222-223, Munchen, 
Germany. 

Parkin, J. 1951. The unisexual flower-a criticism. Phytomorphology 
.f.:75-79. 



70 E.E. LEPPIK 

Payson, E. B. i 918. The North American species of Aquilegia. Contr. 
U.S. Nat. Herbarium 20:4, 133-157, 14 pl. 

Percival, M.S. 1962. The mutual adaptation of bees and flowers. Bee 
W or Ld 43:106-11 3. 

Pijl, L. van der. 1960-1961. Ecological aspects of flower evolution. I. 
Phy le tic evolution. II. Zoophilous flower classes. Evolution_! :40 3-
416; ..!:2_:44-59. 

Plantefol, L. 1948. Fondements d 1une theorie florale nouvelle. 
L'ontogenie de Lafleur. Annales des Sciences Nat. Bot. Ser. 11. 

. .2.:35-44. 

Pool, R. J. 1941. Flowers and flowering plants. 2nd ed. 
Prantl, K. 1888. Beitrage zur Morphologie und Systematik der Ranun

culaceen. Engler's Bot. Jahrb. _.2:225-273. 
___ . 1891. Ranunculaceae. A. Engler und K. Prantl, Die naturliche 

Pflanzen familien. III. Teil, 2. Abt. Leipzig, 43-66. 
Rapaics, R. v. 190 7. A sisakviragnemzetseg rendszere. Systema 

Aconiti generis. NOvenytani Kozlemenyek, 6:137-1 76. (Ungarian, 
with Latin key}. -

___ . 1908. Die Pflanzengeographie der Gatung Aconitum. Beiblatt zu 
dem Novenytani Kozlemenyek, Band 7, Heft 3 (Obersetzung von Ver
fasser). 

___ . 1909. Die Gattung Aquilegia. De genere Aquilegia. Botanikaj 
Kozlemenyek, ~(3):11 7-136 (Ungarisch mit Ubersetzung von Ver£.). 

___ • 1910. Distributio geographica De Lphinii generis. Botanikai 
Kozlemenyek .2_(2): 

Rassner, E. 1932. Primitive und abgeleitete Merkmale in BLUtenbau 
einiger Ranunculaceen. Plan ta _!2 :192-243. 

Rauh, W. and H. Reznik. 1951. Histogenetische Untersuchungen an 
B Luten- und.lnfloreszenzachsen, sowie der B Ltttenachsen einiger 
Rosoideen. Sitzbr. Heidelberger Akad. Wissenschaft. Jg. 1951, 
Abh. 2_:139-207. 

Ribbands, C.R. 1953. The behavior and social Life of honeybees. 
London. 352 pp. 

Robertson, C, 1904. The structure of the flowers and the mode of 
pollination of the primitive angiosperms. Bot. Gaz. 37 :294-298. 

___ • 1928. Flowers and insects. Lists of visitors of four hundred 
and fifty-three flowers. Carlinville, Illinois, 221 pp. 

Salisbury, E.J. 1919. Variation in Eranthis hyemalis, Ficaria verna, 
and other members of the Ranunculaceae, with special reference to 
trimery and the origin of the perianth. Ann, of Bot. 33:47-79. 

___ . 1931. On the morphology and ecology of Ranunculus parviflor11s_ 
L. Ann. of Bot. 45:539-578. 

Schick, W. 1953. Die Wirkung von Gifts to££ en auf die Tanze der Bienen. 
Zeitschr. vergl. Physiologi_e 35 :105-128. 

SchOffel, - K. 1932. Untersuchungen uber den B LUtenbau der Ranuncula
ceen. Planta 17:315-371. 

Schrader, G. 1951 a . Die Entwicklung neuer Insektizide auf Grundlage 
organischer Fluor- und Phosphor-Verbindungen. Monographien zu 
"Angewandte Chemie" und "Chemie-Ingenieur-Technik" 62 pp. 
Verlag Chemie, Weinheirn, Germany. 



FLORAL EVOLUTION IN THE RANUNCULACEAE 71 

___ 195lb. Zur Kenntnis neuer Insekticide auf Grundlage organischer 
Phosphorverbindungen. Zeitschr. £. angew. Entomologie 33:328-340, 
Germany. 

Schrtldinger, R. 1909. Der B lUtenbau der zygomorphen Ranunculaceen 
und seine Bedeutung flir die Stammesgeschichte der Helleboreen. 
Abhandl. K.K. Zool. -Bot. Gesellsch. Wien !(5):1-63. 

___ . 1914. Das Laubblatt der ·Ranunculaceen. Organgeschiehtl. 
Studie. Wien. 4. 10 Taf. 23 Abb. {Abh. Zool.-Bot. Ges.). 

Shipczinsky, N. 1924. Ober die geographische Verbreitung und den 
genetischen Zusammenhang der Arten der Gattung Trollius. Bull. 
Jard. _Botan. Republ. Russe 23:55-74. Russian with German sum
mary. 

Smith, G.H. 1926. Vascular anatomy of ranalian flowers. Bot. Gaz. 82: 
1-29. -

Sprague, E. F. 1962. Pollination and evolution in Pedicularis (Scrophu
lariaceae). Aliso 2_:181-209. 

Sprengel, C.K. 1793. Das entdeckte Geheimnis der Natur im Bau und 
in der Befruchtung der B lumen. Berlin. 2nd ed. 1894. Vol. I-IV . 

• 1811. Die Ntttzlichkeit der Bienen und die Notwendigkeit der 
-menenzucht von einer neuen Seite dargestellt. Berlin. 
Stern, F.C. 1946. A study of the genus Paeonia. Royal Hort. Soc. 

London. 155 pp., 15 pl. 
Tepfer, S.S. 1953. Floral anatomy and ontogeny in Aquilegia formosa 

var. truncata and Ranunculus repens. Univ. Calif. Public. Bot. 
25(7):513-648, 34 pl. 

Thomas, H.H. 1936. Palaeobotany and the origin of the angiosperms. 
Botan. Rev. 2:397-418. 

Thompson, J. M~L. 1944. Towards a modern physiological interpreta
tion of flowering. Proc. Linnean Soc. London ~:46-69. 

Thorne, R. F. 1963. Some problems and guiding principles of angio
sperm phylogeny. Amer. Natural. 97:287-305. 

Thorpe, W. H. 1956. Learning and instinct in animals. Harvard Univ. 
Press, Cambridge, Mass. 491 pp. 

Tippo, 0. 1942. A modern classification of the plant kingdom. Chron. 
Bot. 7:203-206. 

Trapl, S. 1912. Morphologische Studien Uber den Bau und das Diagramm 
der RanunculaceenblUte. Beihefte Bot. Centr. I Abt. 28:247-281. 

Troll, W. 1928. Organization und gestalt im Bereich der Blute. Verlag 
Springer, Berlin. 413 pp. 

Ulbrich, E. 1905-1906. Ober die systematische Gliederung und geo
graphische Verbrietung der Gattung Anemone L. Engler 1 s Botan. 
Jahrb. 37:172-256, 257-334. 

___ . 1906. Ober die Ranunculaceengattung Laccopetalum. Verhandl. 
Botan. Ver. Prov. Brandenburg 48:30-33. 

___ . 1938. Die Arten der Gattung He lleborus (Tourn.) L. B L:itter fur 
Staudenkunde, herausg. v. Ve rein Deutsch. Ga rt. Ges. Ber Lin, 3:L-l 8. 

U Urich, H. 1932. Ober die B eziehungen zwischen Saponin und Sys~
matik bei der Ranunculaceengattung Delphinium. Diss. Ber Lin, 1-50. 

Vogel, S. 1954. B Lutenbiologische Typen als Elemente der Sippenglei
derung, dargeste Llt anhand der F Lora Sudafrikas. Verlag Fischer, 
Jena, 388 pp. 



72 E.E. LEPPIK 

Weevers, T. 1952. Flower colours and their frequency. Acta Bot. 
Neerland . .!_:81-92. 

Werth, E. 1941. Die B LO.tennektarien der Ranunculaceen und ihre phylo
genetische B e d e utung. Berichte d. Deutsch. Bot. Ges. 59 :246-256. 

___ . 1956. Bau und Leben der B Lumen. V er lag Enke , Stuttgart. 
204 pp. 

Wilde, E.I. 19.31. Studies of the genus Delphinium. Cornell Uni v . Agr·ic. 
Expt. Sta. Bull. 519, 107 pp. 

Witson, C.L. and T. Just. 1939. The morphology of the flower. Bot. 
Rev. ~:97-131. 

Wilson, I.B. and E.K. Meislich. 1 955 , 
terase inhibited by alky lphosphates. 
4628-4638. 

R eactiva tion of ac e tylcholines
Jour . Arner. Chern. Soc. 75: 

Wilson, L. R. 1959. Geological history of the Gnetales. Oklahoma 
Geol. Survey, 19:35-40. 

Wodehouse, R. P. l936. Pollen grains in the identification and classifi
cation of plants. VII. The Ranunculaceae. Bull. Torrey Bot. Club 
63:495-514, 1 plate. 

Wordsell, W.C. 1908. The affinitie s of Pae onia. Jour. Bot., London, 
46:114-116. 

Zimmermann, W. 1935. Genetische Untersuchungen an Pulsatilla I-III. 
Flora N.F. 29:158-234 . 

• 1941. Grundfragen der Starnrnesgeschichte, erla.utert am Beispiel 
~r KUchenschelle. Der Biologe 10(S):404. 
___ • 1948. Grundfragen der ·Evolution. Verlag Klostermann, Frank

furt a. Main, 221 pp . 
. 1949. Geschichte der Pflanzen. Stuttgart. 

___ . 1950. Die radiare Struktur der Sporangienstande (Sporophylle) in 
der BLO.te. Proc. VII. Int. Bot. Congr. Stockholm, S. 578 . 

. 1952. Unsere Kuchenschelle (Pulsatilla). Veroff. Landesst. 
~tursch. Wtlrtt. -Hohenz. Q(S):132 . 

. 1954. Methoden der Phylogenetik; in: Heberer, Evolution der 
-o;ganisrnen, 2. Aufl., S. 26, Jena. 
___ . 1957. Phylogenie der Bltlte. Phyton 2_(S):l62 . 

. 1959. Phylogenie der Pflanzen. 2. Aufl. Stuttgart. 
--- und R . Hauser-Herterich . 1961. Zur Morpho Logie und Anatornie 

von Pulsatilla. 1. Die Knospenschuppen. Zeits chr. f. Bot. 49(S):489. 



FLORAL EVOLUTION IN THE RANUNCULACEAE 73 

Plate 1. Inflorescences of Euphorbia corollata L. {above 3x enlarged) 
imitating pentamerous flowers of Spirea trilobata L. {below, 3x 
enlarged). Both structures resemble in form {pentamerous), color 
(white, with yellow center), and size (about 1 cm in diameter). ALL 
plates are reproduced from photographs processed in Iowa State 
University Photolab. 
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Plate 2. Magnolia soulangeana Soulg. {above) compared with the inflor
escence (flower head) of Tithonia speciosa Hook {Compositae, be
low). :Note the similar haplomorphic form and symmetry in both 
structures. Both photographs are of natural size. 
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Plate 3. Above Paeonia potanini Komarov, var. alba F.G. Stern in hap
Lomorphic stage. Be Low ~. a Lbiflora Pall. in actinomorphic stage. 
Both stages, although belonging to the same genus and resembling 
in size and color, differ in form and are thus distinctive to hymen
opterous pollinators. Both photographs slightly reduced. 



76 E.E. LEPPIK 

Plate 4. A flower of TroLLius chinensis Ledeb. {above) compared with 
the flower head of Calendula officinalis L. {be Low). Both structures 
look much alike, although be longing to different families, and are 
composed of diffe_rent morphological organs {flower vs. inflores
ences.) .Both photographs are slightly reduced. 



FLORAL EVOLUTION IN THE RANUNCULACEAE 77 

Plate 5, Anemone blanda Sch. and Ky. (above) single flower is com
pared with flower head of Gaillardia sp. (below); both are actino
morphic. Both photographs about natural size. 
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Plate 6. Anemone apennina L. (above) single flower compared with 
flower head of Dimorphotheca aurantiaca DC. {below); both actino
morphic . Both photographs 2x enlarged. 



FLORAL EVOLU TION IN THE RANUNCULACEAE 79 

Plate 7. Pyrethrum ~ Lindl. {above) is compared with Chrysan
themum thunbergi Lindl. (be Low) both actinomorphi c. Both photo
graphs Zx enlarged. 
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Plate 8. Helenium autumnale L. (above) is compared with Actinea odo
rata L. (below). Both flower heads are of pleomorphic form, with 
delicately emarginated rays, but differ in the number of rays (oli
gomerous vs. octomerous). Both photographs 3x enlarged. 
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Plate 9. Octomerous single flower of Anemone japonica S. and Z. (above) 
is compared with octomerous flower head of Cosmos bipinnatus 
Cav. {below). Both pleomorphic types have striking similarity in 
form and symmetry. Both photographs about natural size. 
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Plate 10. Anemone canadensis L. A tetramerous (above) flower is 
compared with a pentamerous (below) blossom (2x enlarged). 



FLORAL EVOLUTION I N THE RANUNCULACEAE 83 

Plate 11. Euanthial flowers of Caltha palustris L. {above, 2x enlarged) 
are compared with pseudanthial flower heads of Tagetes signatus 
Bartl. {below, 2x enlarged). Note the striking similarity of both 
pleomorphic structures that h a ve evolved in phylogenetically un
r e late d plant orders . Yet the shape of the somewhat wavy and un
dulate petals of Caltha are more robust and primitive than the deli
cately emarginated rays of Tagetes. 
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Plate 12. Micranthous pleomorphic flowers of Ranunculus sceleratus L. 
(above, 4x enlarged) are compared with flower heads of Galinsoga 
ciliata (Raf.) Blake {below, 4x enlarged). Both floral patterns are 
prevalently pentamerous of the same size and color, but differ in 
the shape of semaphylls. The petals of the Ranunculus are simple, 
ovate with entire margin, while the m ore perfected rays of Galin
soga are delicately trilobate. This characterizes the different 
evolutionary stage of the Ranunculaceae and the Compositae in 
their historical stage of development. 
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Plate .13. Pleomorphic flowers of Clematis recta L. (above, Zx enlarged). 
Flowers prevalently pentamerous . {Left), infrequently tetramerous 
{right); Hepatica triloba Chaix. {below, Zx enlarged). Number of 
petals varies from 6-11. 
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Plate 14. Anemone (Pulsatilla) patens L. Floral shape (above) and p r o
file (be Low), slightly enlarged. 
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Plate 15. Bilateral flowers of Delphinium sp. with an elongated spur 
{below, right), slightly enlarged. 
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Plate 16. Delphinium sp. cult. A white garden variety with polymorphic 
flowers. Above: front view of a flower. B elow: a honeybee as a 
rare vi.sitor of the "man made" flower (see in text p. 25). 
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Plate 1 7. Stereomorphic flower of Aquilegia hibrida Sims, from -a:bov.e 
and in profile, slightly enlarged. 
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Plate 18. Aconitum napellus L. Above Links: a flower from side view. 
Antirrhinum majus L. Above right: a flower from front view. 
Below: the same flower photographed from side view {see in text 
p. 35). 
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Plate 19. Antirrhinurn rnajus L. Above Links a flower with closed 
"parlor," right an opened flower. B e low a bumblebee entering 
into the "floral parlor" (see explanation in text p. 35). 

91 
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Plate 20. Above: marking of a honeybee with white spot on thorax. 
Below:· a marked bee is preparing to fly away. (See explanation 
in text pp. 9-13.) 
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Plate 21. Selected scenes from the "struggle of bees." Above: a gen
eral turmoil in a bee colony photographed on the flying board of a 
bee hive. In the_ middle ; several fighting scenes with attacking and 
stinging bees (1, 2, 3, 4), redrawn from a photograph. Below: a 
photograph showing an attacking bee stinging a victim. Photo
g1raphs taken in Weihenstephan, Germany (see explanation in text 
p. 11). 
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Plate 22. Marking of butterflies for observation at the Tropical Research 
Institute of the University of San Salvador in Central America. 
Above; Papilio thoas autocles R. & J. Below: Victorina ephas 
Latt::c. (see explanation in text p. 50). 
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Plate 23. Laccopetalum giganteum Ulbrich (1906). A giant haplomorphic 
greenish-white flower, up to 5 inches in diameter, resembling the 
Magnolia blossom, rather than buttercup flowers. Some flowers 
are reported as reaching 7 inches and more in diameter if fully 
expanded. This coarse shrub with Large spatulate Leaves (2 feet 
or more in Length) . occurs in the high mountains of Peru, South 
America. Reproduced from the picture by Ulbrich {1906, pp. 405-
406) (see text pp. 44 and 59). 
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Plate 24. Transformation of pleomorphic ranalian flower patterns into 
a simple zygomorphic type in the Orchidaceae. One petal (in the 
middle) is transformed into an ornamented zygomorphic corolla. 
Above is pictured a flower of Cymbid.ium sp. cult. 'Bodmin Moor' · 
of the Dos Pueblos Orchid Company, Goleta, California. Below is 
Epidendrum radicans Ldl. with zygomorphic petal (Lower Lip) on 
pentamerous pattern (see text p. 36). 
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mimicry 34 
Miyakea 59 
monkshood 36 , 47, 48 
monocoty ledones 63 
monophy le tic origin 6 
morpho logical con cept of 

flowers 19 
moths 35, 4 1 , 50 
mutants 57 
myophily 35, 48 
myste r y of flowers 60 
Myosurus 24, 34, 36, 38,40, 

45,46,59 

Nectar cups 18, 3 7, 39 
gr oves 18, 39 
gui des 1 8 ,5 8 
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Nectar (c ont.) 
leaves 18, 37 , 38,39,40, 

44,58 
pits 18, 39 

nec t ar -pre s e n ting 
mechanisms 37, 38 

n ec tarophyll 1 8, 1 9, 37 
Ne lumbo 8 , 42 
n e rve poisons 10 , 11, 12 , 13 
Neuropte r a 49, 51 
New Zealand 44 
Nigella 34 , 37 , 38, 39,40,51, 

60,63 
Nige llinae 60 
Nor th Africa 36 
No rth Ame ri ca 3, 28 , 36 , 59 
Novaja Sem lj a 64 
numerical patte r ns in 

flowe rs 10, 30, 32, 34 , 
40,45 , 46, 54,58 

Nymphaea 8, 27, 2 8, 32, 42, 
51 
a lba Prsl. 24 

Nymphaeaceae 5, 23 
Nup har 51 

Lu t eum L . 5 1 

octomerous flowe r types 
45, 57 

oligomerous flowers 19 
Orchidaceae 36, 96 
organographic 64 
orientation of bees 1 3 
ornamenta Ls 1 3 
ornithophilous flowe rs 25, 

35,52 
orthog e n e sis 34, 64 
Orthoptera 49 , 51 
Oxygrap his 59 

P ae onia 6, 21, 23, 32, 37, 38 , 
39 ,42 ,44,48,51,5 3,58, 
59, 63, 71 
a lbiflora Pall. 75 
delavay Franche t 23 
Lutea D e l. 23 
potanini Korn. 23 , 28, 75 
suffruticosa Korn. 23 
sect. Moutan 6, 2 3, 53 
sect. Ons epia 2 3 

P ae oniaceae 5 8 
P ae onea e 58 , 59 
P ae onioideae 22, 23 
P a lmae 6 
P andanales 6 
P a pilio thoas autocles R . &: 

J. 94 
P a pilionaceae 46 
Paraquilegi a 60 
P a rathion 10 

die thy l 10 
dimethyl 10 

P ar lor 35 
P a ropyrum 60 
P aroxygrap hi s 59 
P edicu la ris 71 
P e lligerae 64 
p entamerous flowers 15, 

19, 31 , 40 
peonies 23 , 28 
perianth 14 
p e rigon 58, 59 
P e ru 95 
photosynthesis 3 , 17 . 
phaneranthous p lants 19 
p hy llotaxis 1 7, 1 8 
physiognomy of flowers 

14, 1 7 
phy logenetic c haracteris -

tics 8 
phytophagous ins ec ts 26 
Pipera les 6 
Piuttia 59 
Pleistocen e g lac i a tion 36 

p leomerism 20 
pleomorphic flowers 5, 7, 

24,28~33, 34, 35,40,45 , 
49,51, 52 , 53, 57 

ple omorphism 29, 30 , 31 
P odophyllum 32 
Poins e ttia p u lcharrima 

Grah . 15, 17 
pola rize d Light 9 
po lymerous flow e r s 19, 20, 

54 
polyphyletic origin 6, 8 , 1 7 
pre-Cretace ous floras 26 
pr e -rana lian f lower types 

26 
Principes 6 
prophylls 21 
protuberance 1 8 
ps eudoflowers 15 , 16, 17 , 

56,57 
ps eudanthous plant s 13, 17, 

18 , 34 ,56 
P u lsatil la 21, 34, 37, 38, 39, 

51,59 
pate ns L. 86 

P yrethrum roseum Lindl. 
57,59 ---

R a na Les 5, 6 , 14, 26, 2 7 
ranalian flowers 60 
rana lian plexus 24, 26, 31 , 

58, 60 , 61 
R anuncu laceae 5, 6 , 8 , 20, 21, 

22 , 2 3, 24, 25 , 27, 28, 29, 
30, 31 , 32 , 35 , 36, 40, 41, 
42,44,46,47,48,50, 5 1, 
52 , 53,54, 55 , 56,5 7 

R a nunculeae 58, 59 
R a nuncu linae 59 



Ranunculus 21, 34, 36 , 37, 
39,40,43,45, 51,59, 67 
acer L. 36 
auricomus L. 39 
bulbosus L. 33,41 
glacialis L. 39 
2Llii Hook. £. 44 
pa llasii Schlecht. 67 
parviflorus L. 21, 67 
r e pens L. 21, 64, 71 
sceleratus L. 39 ,57, 84 

rap eseed 12 
ray florets 15 
r eception room 35 
reproduction 1 7 
"ringnectaries" 32 , 38 
ros es 28 

Salicales 6 
Scandinavia 28 
Scrophylariaceae 46 
selective activity of 

insects 61 
semaphylls 10, l 7, 18, 19, 

20, 21, 26, 27,42,57, 58 
semataxis 17,18 
Semiaquilegia 60 
sensory capabilities of 

insects 9, 10 
sensory reactions of 

ins ec ts 55 
sensory physiology of 

insects 9 
serological studies 22 
sign Language of b ees 9 
Shibateranthis 60 
showy flowers 13, 14, 15, 18 
snapdragon 35 
Sonc hus 56 
Souliea 60 
South Africa 36 
South Ame rica 3 
Sphingidae 50 
sphingophilous flowers 52 
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spiral divergencie s 20 
Spirea trilobata L. 15, 73 
sporophylls 14, 17, 18, 19, 

20,42 
staminodia 1 7 
steadfastness of pollina 

tors 9 
stereomorphic 5, 7, 23, 28 , 

35,49,51,53, 54,58 
stereomorphism 35 
"stil" 62 
stoneflies 27 
strobiloid theory 14, 57, 60 
"struggle of bees" 11,93 
subscaposa 64 
sunflower 56 
Syrphidae 34 

Tagetes signatus Bartl. 57, 
83 

Taraxacum 56 
taxonomic classification 

57-60 
terminology 1 3 
Tertiary period 32, 53, 54, 

55 
tetramerous flowers 19 
Thalictrinae 59 
Thalictrum 21, 24, 25, 32, 

38, 59 
Thiophos 10 
thiophosphori c acid 10 
thrips as pollinators 27, 54 
Thysanoptera 51 
Tithonia speciosa Hook. 56, 

74 
Trautvette ria 5 9 
tree - peonies 6,59 
trime rous flowers 19, 31 
Trochilus colubris L. 25 
Trollieae -60 _ _ _ 

Trollius 28, 34, 38 , 39, 60 , 71 
chinensis Bunge 56, 76 
europ aeus L. 25 , 28, 29 
sibiricus L edeb . 28 

101 

Tropaeo lac eae 46 
Tropaeolum 46 
tropheclectic behavior 8, 

27, 38,55,56, 61 
Tropheclexis 38 , 55, 58 
trophos emeion 18, 19 
Type-classe s 7, 26, 42, 43, 

50,51 
I. amorphic 7, 26, 42, 43 

II. haplomorphic 7,26, 
42,51 

III. ac tinomorphic 7, 26, 
42,44,51 

IV. pleomorphic 7, 26, 42, 
45,51 

V. stereomorphic 7, 26, 
42,45,51 

VI. zygomorphic 7, 26, 
42,43,46,51 

"typenstett" 54 
typologica l characteristics 

of flowers 19 
typological concept of 

Goethe 59 
typological grouping 57 
typology 6 
typophile 54 

ultraviolet Li ght 10 
Umbelliflorae 6, 39 
Urophysa 60 

Victoria 32 
regia L. 51 

Victo rina e phas Lattr. 94 
volatile oils 53 

wasps 27, 30 , 54 
water lily 14 
Winteraceae 5 

Xanthorrhiza 22, 60 

ya rrow 15, 16 

Zinnia 56 
zoophilou s flowers 19, 61 
zygomorphic 5, 6, 7, 23, 28, 

2 8 , 31, 3 2, 35, 38, 48, 49, 
50,51,54,58 

zygomorphism 35 





459 

AUTHOR INDEX 

Atkins, R. E., 345 

Bancroft, T. A., 403 
Beil, G. M. , 345 . 
Brindley, T. A., 403 
Brown, William L., 251 
Buchholtz, W. F. , 453 

Galentine , Robert L., 243 

Deonier, D. L., 103 

Erdman, Kimball Stewart, 289 

Fahey, JackE., 153,437,449 
Fredrickson, Leigh H. , 243 

Haslett, Sherman A. , 359 
Hostetter, H.P., 269 

Jackson, R. D., 153, 437, 449 

Knight, Harry H., 127 
Koelling, Melvin R., 387 
Kucera, C. L., 387 

Leppik, E. E. , 

Murphy, R. T., 153, 437, 449 

Reynolds, James B., 417 

Sehgal, S. M., 251 
Shaw, R.H., 337, 393 
Sisson, D. V., 403 
Staudinger, W. L. , 45 3 

SUBJECT INDEX 

Aconitum 
anthora, 47 
heterophyllum, 47 
lycoctonum, 47 
napellus, 47, 90 
palmatum, 47 
septentrionale, 47 

Achillea millefolium, 15 
Actea, 21, 38, 60 
Actinea odorata, 57, 80 
Adonis, 32, 38, 44, 51, 60 

vernalis, 33 
Agropyron cristatum, 453 
Allot ri choma 

atrilabris, 120 
simplex, 120 

Anemone 
apennina, 24,33,41 
blanda, 44, 56, 77 
canadensis, 33,41,82 
caroliniana, 33, 41, 45 
coronata, 24 
decapetala, 33, 41 

Anemone (cont.) 
japonica, 33, 34,41,45,47,57,81 
nemorosa, 68 
patens, 86 
ranunculoides, 40, 55 

Anemonella, 33, 59 
thalictroides, 33, 41 

Anemonopsis, 60 
Antirrhinum majos, 90, 91 
Aphanostemma, 59 
Aquilegia 

canadensis, 25 
calcarata, 25, 45 
ecalcarata, 45 
formosa, 65, 71 
hybrida, 89 
pubescens, 65 

Archigetes iowensis, 244 
Arcteranthis, 59 
Asimina, 38 
Aste ropyrum, 60 
Athyroglossa, 105 

glabra, 106 



460 SUBJECT INDEX 

Athyroglos sa (cont.) 
glaphyropus, 106 
granulosa, 106 

Atragene, 34, 38 
Atis sa 

pygmaea, 120 
litoralis, 120 

Baltimora recta, 34 
Barneoudia~ 
Batrachium 34, 36, 38, 59 
Beckwithia, 59 
Beesia, 60 
~a,15 
Biacetabulum 

macrocephalum, 244 
Bison b. bison, 378 
Blarin;-b~vicauda, 364 
~h~ga grossorum, 14 
Bolde a boldus, 24 
~s-:-4'8 

consobrinus, 68 
Brachydeutera argentata , 110 
Branchiura sowerbyi, 244 
Bras sica napus var. oleife ra, 12 

Calathode s, 60 
Calendula officinalis, 56, 76 
Callianthemum, 60 
Caltha, 21 , 60 

palustris, 57, 65, 83 
Calycanthus, 20, 27, 32, 42 

floridus, 24 
Canis 1. latrans, 371 
~hia~ 
Casalea, 59 
Cassia occidentalis, 276 
Castor canadensis, 369 
~omus commersoni, 243 
Ce ratocephalus, 59 
Cercis canadensis, 271,274 
Cervus c. canadensis, 378 
~e~rista fasciculata, 276 
Chiastochaeta trolii, 28, 29 
Chimomanthus ;38 
Chlamydatus 

arcuatus, 127, 139 
brevicornis, · 127, 141 
fulvipe s, 127, 139 
manzanitae, 127, 140 
montanus, 127, 140 

Chlamydatus (cont.) 
pallidicorni s , 127, 138 
pullus , 141 
schuhi, 127 

Chrysanthemum thunbergii, 57, 59 
Cimcifuga, 21, 25, 34, 60 
Cimcifuginae, 60 
Circae aster, 24 , 59 
Citellus 

fran klinii , _ 367 
t. tridece mlineatus, 367 

Cladrasti s lutea , 276, 282 
Clematis, 36, 38, 59 

recta, 8 5 
~cillaris, 33, 41 

Cle matopsis, 59 
Co enia curvicauda, 107 
~ida, 51, 60 
Coptis , 22,60 
Cornus florida, 15, 17 
~s~ -

bipinnatus, 34, 57,81 
Cryptotis parva, 37 4 
Cymbidium, 36, 9 6 
Cynips psenes', 14 
Cyrtorrhyncha, 59 

Dahlia , 56 
Delphinium 21, 88 

tricorne, 25 
Desmanthus illinoensis, 270, 27 2 
Dichaeta caudata, 114 
Dichromena, 13 

dliata, 13, 67 
Didelphis 

marsupialis virginiana, - 364 
Dimorphotheca aurantiaca, 57, 78 
Diptera, 103 
Discocerina 

brunneonitens , 121 
buccata, 122 
exigua, 122 
glaucella, 121 
lacteipennis, 121 
lenis, 122 
leucoprocta, 122 
obscurella, 122, 124 
orbitalis, 121 
pulchella, 121 
trochanterata, 122 
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Enemion, 60 
Ephydra, 107 

hians, 107 
pectinulata, 107 
riparia, 107, 123, 124 

Ephydridae, 103 
Epidendrum radicans, 36 , 96 
Eptesicus !.,: fuscus, 365 
Eranthis, 34, 60 

hiemali s, 21, 3 3, 41. 6 7 
Erethizon dorsatum dorsatum, 376 
Euarctos ~· americanus, 376 
Euphorbia, 15 

corollata, 15,16,73 
spoendens, 15,16 

European corn borer control, 
153,437,449 

Felis concolor, 377 
Ficaria, 51, 59 

ve rna, 2 1 , 6 7 
Ficus carica, 66 

Gaillardia grandiflora, 56 
Galinsoga ciliata, 57, 84 
Gampsoceras, 59 
Gastrops nebulosus, 110 
Geomys b. bursarius, 368 
Ginkgo blloba, 24 
Glaucidium, 22, 24, 59 
Glaucomys -:;_. volans, 368 
Glaridacris catostomi, 244 
Gleditsia triacanthos, 2 71, 2 77 
Gramineae, 289 
Gulo luscus, 377 
Gymnocladus dioica, 271, 27 2 
Gymnopa, 10_ 3 __ _ 

bidentata, 106 
tibialis, 106 

Gy~ae, 105 
Gymnosporangium, 366 

Halerpestes, 59 
Hamadryas, 59 
Hegemone, 60 
Helenimn autumnale >- 57, 80 
Helleborus, 34, 44, 71 
Hepatica, 21,38,51,59 

americana, 33,41 
triloba, 32,40,85 

Hunte rella nodulosa, 244 

Hyadina 
a bdominali s, 112 
albovenosa, 112 
binotata, 112 
ce sta, 111 
corona, 112 
furva, 111 
gravida excavata, 111 
pruinosa, 112 
subnitida, 112 

Hydrastis, 22, 24, 59 
canadensis, 63 

Hydrellia 
cruralis, 116 
definita, 116 
~a, 115 
griseola, 116 
harti, 115, 124 
~aca, 116 
luctuosa, 11 7 
morrisoni, 117 
no bili s, 11 6 
~li, 116 
procteri, 116 
suspecta, 117 
tibialis, 116 

Illicium, 20, 24, 27 
floridianum, 24 

Ilythea 
flavipes, 117 
spilota, 11 7 

Impatiens, 46 
Insecticides 

carbamate, 449 
hydrocarbon, 437 
organophosphorus, 153 

Isopyrum, 21, 34, 39, 60 
biternatum, 33, 41 

Kingdonia, 24, 59,64 
Knowltonia, 59 
Komaroffia, 60 
Krapfia, 59 
Kumlienia, 59 

Laccopetalum, 44, 59, 71, 95 
giganteum, 9 5 

Lasionycteris noctivagans, 374 
Lasiuru s 

~· borealis, 365 
cinereus, 375 

461 
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Leptopsilopa atrimana, 120 
L eptopyrum, 60 
L e pus 

ame:dcanus phaeonotus, 375 
townsendii campanius, 366 

Limnellia, 107 

~' 108 
stenhammari, 107 

Limnodrilus 
hoffmeisteri, 244 
udekemianus, 244 

Lutra ~.canadensis, 373 
Lynx 

c. canadensis, 377 
r. rufus, 377 

Magnolia, 8, 23 , 68 
grandiflora, 24 
soulangeana, 56,74 

Marmota ~· ~· 366 
Martes 

~· americana, 377 
p ennanti, 377 

Mephitis mephitis a via, 37 3 
Micropterus dolomieui, 417 
Microsorex hoyi, 374 
M i crotus E: pennsylvanicus, 370 
Miyakea, 59 
Monobothrium hunteri, 244 
Mus musculus ~icus, 371 
Mustela 

frenata spadix, 37 2 
vison letifera, 373 

Myotis 
kenii septentrionalis, 374 
~ lucifugus, 365 

Nelumbo, 8, 42 
Nigella, 34,40,63 
Notiphila 

atripes, 117 
avia, 118 
~inata, 119 
macrochaeta, 117 
olivacea, 118 
pallidipalpis, 117 
punctipennis , 119 
riparia, 118 
scalaris, 118 
sicca, 118 
texana, 119 

Notiphila (cont.) 
vittata , 118 

N otiPh'ilinae, 1 0 5 
Nostima 

scutellaris scutella ris, 117 
quinquenotata, 117 

Nuphar luteum, 51 
~ius humeralis, 375 
Nymphaea, 8,27,42,51 

alba, 24 

Ochthera 
lauta, 112 
mantis mantis, 112 

Odocoileus virginianus, 374 
Oedonops nuda, 114, 124 
Onadatra ~· zibethicus, 370 
Orectoderus schuhi , 127, 149 
Ost rinia nubilalis, 153, 437, 449 
Paeonia , 6, 21, 53 

albiflora, 7 5 
delavay, 23 
lutea, 23 
p;tc;:nini, 2 3, 2 8 , 7 5 
suffruticosa, 23 

Papilio thoas autocles, 94 
Paracoenia 

bisetosa, 108 
turbida, 108 

Pa~gia, 60 
Parathyroglos sa ordinata, l 05 
Parognathus 

flavescens perniger, 375 
Paropyrum, 60 
Paroxygraphis, 59 
Parydra 

aldrichi, 112 
alpina, 113 
appendiculata, 113 
bituberculata bituber culata, 113 
breviceps breviceps, 113 
paullula, 113 
pingui s, 113 
quadrituberculata, 113, 124 
unituberculata, 113 

Parydrinae , 105 
Pediculari s, 71 
Pedomys ochrogaster, 376 
Pelina 
~adensis, 114 

rudi s, 113 
~catula, ·114 
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Peromyscus 
leucopus noveboracensis, 369 
maniculatus bairdii, 369 

Phaseolus vulgaris, 280, 282 
Philotelma alaskensis, 107, 124 
Phyllinae, New species of from 

North America, 127 
Phymat opsallus, 127 

acaciae, 127,131,150 
~huae, 127, 132, 151 
croceguttatus, 137 
croceus, 137,151 
cuneopunctatus, 127, 134 
ful vipunctatus, 137, 151 
fuscipunctatus, 127, 135, 151 
huachucae, 127, 135 
longirostris, 127, 136 
nicholi, 127,130,150 
panthe rinus, 138, 151 
patagoniae, 127, 132, 150 
rinconiae, ~27, 132, 150 
rubropunctatus, 127, 136,151 
strombocarpae, 127, 130, 151 
~· 127,134,151 
tuberculatus, 133,150 
viridescens, 128, 133, 150 

Pipistrellus ~ subflavus, 375 
Pisum sativum, 280, 285 
Pitymus pineto-rum scalopsoides, 

370 
Piuttia, 59 
Plagiognathus 

flavus, 127, 146 
fulvaceus, 127, 144 
fuscotibialis, 143 
geranii, 127,142 
nicholi, 127,147 
nigritibialis, 127, 148 
paddocki, 127,146 
rolfsi, 127, 145 
shoshonea, 127, 142 
stitti, 127,145 
urticae, 127, 148 

Podophyllum, 32 
Poinsettia pulcharrima, 15, 17 
Procyon_ lotor hirtus, 372 
Psallus artemisicola, 127, 149 
Pseudohecamede abdominalis, 

120 
Psilopa 

dupla, 122 

Psilopa {cont.) 
compta, 122 
£1[_a, 122 

P silopinae, 10 5 
Ptilomyia, 105 

enigma, 119, 124 
Pulsatilla, 21, 37, 59 

patens, 86 
Pyrethrum ~· 57, 59 
Pythium graminicolum, 453 

Ranunculaceae, Evolution of, 
{complete index of, p. 9 8) 

Ranunculus, 21, 37, 40, 59 

~· 36 
auricomus, 39 
bulbosus, 33, 41 
glacialis, 39 
lyallii, 44 
pallasii, 67 
parviflorus, 21, 67 
repens, 21, 64, 71 
sceleratus, 39' 57' 84 

Rattus norvegicus, 371 
Reithrodontomys megalotis, 376 

Scalopus aquaticus machrinus, 365 
Scatella 

dichaeta, 108 
favillacea, 109 
nivosa, 108 
~a, 109 
paludum, 109 
quadrinotata, 109 
stanalis, 109 
triseta, 108 , 124 

Scatophila 
adamsi, 110 
arenaria, 109 
carinata, 109,124 
despecta, 109 
iowana, 109 
viridella, 110 

Sciurus 
carolinensis hypophaeus, 367 
niger rufiventer, 368 

Semiaquilegia, 60 
Setacera 

atrovirens, 110, 124 
patifica, 110 

Shibateranthis, 60 
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Shore flies of Iowa, 103 
Silvilagus floridanus mearnsii, 

366 
Soil moisture in Iowa, 337 
Sonchus, 56 
Sorex cinereus 1-esueurii, 3·64 
Sorghum, Inheritance 

characteristics of, 345 
Souliea, 60 
Sphenopholis, Taxonomy of, 289 
Sphenopholi s 

filiformis, 321 
nitida, 324 
obtusata, 297 

var. obtusata, 305 
var, major, 310 
x e.: pensylvanica, 315 

Spilogale inte rrupta, 37 3 
Spirea trilobata, 15 , 73 

Tagetes signatus , 57, 83 

Tamias striatus griseus, 367 
Tamiasciurus 

hudsonicus minne sota, 37 5 
Taraxacum, 56 

Taxidea !.: ~· 373 

Thalictrum, 21 , 24, 59 
Tithonia speciosa, 56, 74 
Trautvetteria, 59 
Trimerina madi z ans, 130 
Trochilus colubris, 25 
Trollius, 28, 39, 71 

europaeus, 25,28,29 
chinensis, 56,76 
sibiricus, 28 

Tropaeolum, 46 
Tubifex tempeltoni, 244 
Typopsilopa atra, 115 

Urocyon cine reorgenteus ocythous, 
372 

Urophysa, 60 

Victoria, 32 
regia, 51 

Victorina ephas, 94 
Vulpes fulva regalis, 372 

Xanthorrhiza, 22, 60 

Zapus ~· hudsonius, 371 
~,56 




